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FOREWORD

This is Report IITRI-C6030-10 (Final Report) on IITRI
Project C6030, Task Order No. NASrGS(Ob), entitled "Back-
Streaming from Oil Diffusion Pumps", and covers the period
from December 1, 1963, through May 30, 1966. This work is
a continuation of "Theoretical and-Experimental Study of
Various Diffusion Pump Oils" whicﬁ was undertaken for Arnold
Engineering Development Center and is repbrtéa in AEDQ—?DR—
63-174. The scope of the original study was increased to
include parameters of equipment, and operational procedures,
with added emphasis on the mechanisms involved. The scope
was also increased in the last period to include an eval-
uation of backstreaming contamination in turbomolecular
pumps.

The experimental work was under the direction of
W. M. Langdon and E. G. Fochtman, in the Chemical Engineering
Section, Applied Chemistry Division, of IIT Research Insti-
tute. The project was monitored by John P. Mugler, Jr.,
Langley Center, Mason T. Charak, and Conrad Mook both of
NASA Headquarters, Washington, D. C. We are indebted to the
Welch Scientific Company for the loan of the turbomolecular
pumps used in this investigation.
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Experimental work was conducted by R. H. Snow,

D. R. Howard, V. R. Ivanuski, J. Frerichs, and H. J. O'Neill.

Data are recorded in IITRI Logbooks C14863, C14864, C14877,

and Cl15234.

Approved by:
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Manager
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ABSTRACT

BACKSTREAMING FROM OIL DIFFUSION PUMPS

The o0il diffusion pumps studied covered the variables:
pumps - fractionating and nonfractionating; baffles - right
angle elbow, CVC BC-61, NRC HN-6, G/P Cryosorb;oils - DC 705
Convalex 10, OS 124; and operational procedures. Optimum

’

operating conditions resulted in no detectable increase in
the 1 monolayer of oil which forms during the bakeout period.
This result can be obtained routinely with either pump, all
three oils and two out of four baffles.

The backstreaming contamination in turbomolecular pumps
was also found to be on the order of 1 monolayer. However,
the analytical methods showed the presence of an interferring
substance, presumably unsaturated hydrocarbons from the lu-
brication process, which could not be removed by prolonged
bakeout at 212°C. Backstreaming of the volatile lubrication
0il can occur on startup and shutdown unless special proce-
dures were used which involved fore pressures of several torr

when the pumping rotor was below operating speed.
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PART A. BACKSTREAMING FROM OIL DIFFUSION PUMPS

1. INTRODUCTION

The objective of this program was to determine the amounts
and the causes of 0il contamination in ultrahigh vacuum systems
employing oil diffusion pumps with baffles and stable, single-
component oils. One of the primary objectives was to determine
the operating procedures that result in minimum levels of con-
tamination.

Large space-simulation chambers can operate for long periods
without release to the atmosphere. The contamination level in
such chambers is often a controlling parameter. Vacuum systems
usually operate under less than ideal conditions with much greater
contamination levels than were measured in this program. Although
the test objects often contribute a major fraction of the dirt
load, under most circumstances a better knowledge of the cause,
cure, and prevention of backstreaming oil contamination from the
pumping system would be of great assistance in increasing the
value of the test results.

The term backstreaming usually refers to the amount of oil
that streams back from the top diffusion-pump jet and passes
through the top flange of the pump. In most installations this
massive backstreaming can be reduced 100- or even 1000-fold by
using simple traps or baffles. Although trace contamination in
baffled systems has received considerable attention, the diffi-
culty of measuring such small quantities has handicapped defin-
itive measurements. In this investigation, under optimum
conditions less than one monolayer contamination occurs after
the bakeout period in runs of over 500 hours with most combina-
tions of pump, o0il, and baffle. These values are on the order
of 1/100 of recently reported measurements.
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II. TECHNICAL DISCUSSION

A. Backstreaming

Basically, backstreaming is anything that travels through
a jet in a direction opposite to that of the oil vapors. Back-
streaming matter can be noncondensible gases, pump oil, or
degradation products, and either gaseous or liquid. 1In this
program we were concerned with condensible material that could
be collected on a cold plate in the vacuum chamber. Unavoidably,
this includes adsorbed material that is collected and measured
by the analytical method. The actual backstreaming process can
be extremely periodic and occur as rays of matter in a completely
nonhomogeneous manner. Contamination levels in monolayer equiv-
alents are shown in Table 1 for the two oils used in this inves-—
tigation.

1. Massive Backstreaming

The amount of backstreaming that occurs in unbaffled
systems can be 106 times that in a baffled system. This large
backstreaming, usually termed massive backstreaming, is defined
by an AVS standard (ref. 2) as the matter that is collected at
the flange entrance above the pump. Massive backstreaming is
almost completely concerned with the reverse flow of hot vapors
of pump o0il since degradation products, both condensible and
non-condensible, are present to a relatively negligible extent.
Such backstreaming has a value on the order of lO-2 mg/cmz—min.
Many studies have been concerned with characterizing massive
backstreaming, which varies manyfold, depending upon pump design,
operating conditions, and oil types. (Representative values
are shown in Table 2.)

Probably the most important advance in minimizing massive
backstreaming is the use of a cap over the top jet. The cap is
cooled either by circulating water or by conduction and radiation,
and the massive backstreaming value is lowered to 10-4mg/cm2—min.

This cap, which reduces the pumping speed to a negligible extent,
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is important in unbaffled systems and in those which use a
liquid nitrogen trap immediately above the pump. In the absence
of a cap the amount of backstreaming is sufficient to permit the
pump to run dry if it is continuously operated for several
months,*since the oil freezes out on the baffle.

2. Baffled Backstreaming

Baffled backstreaming can be considered as any material
that flows into the vacuum system from the pump when there is
some type of baffle inserted between the flange mouth and the
system. The baffle can be merely a length of straight pPipe;
however, it is usually some sort of surface, or surfaces, on
which the backstreaming material can impinge at least once. The
capacity and the efficiency of the baffling surface are often
increased by cooling and/or adsorptive practices. A calculation
of various trap geometry versus conductances has been made by
Hablanian (ref. 20).

There is little apparent agreement in the reported values
of baffled backstreaming, probably because of the difficulty
of making definitive measurements of such small quantities of
0oil. Reported measurements on baffled systems vary from
19 x 10-6 mg/cmz—min to "no detectable deposits." The values
that are usually obtained are between 1 and 0.1 x 10--6 mg/cmz_min.
For comparison, a recent definitive measurement by Holland
(ref. 23) reports less than 0.5 A/hr, which corresponds to
0.08 x 10°° mg/cmz—min.

On the basis of this program, a major source of this back-
streaming is oil migration effects; that is, there is a warm
path through a baffle along which o0il molecules condense and
reevaporate. The other aspect of oil migration, i.e., travel
along the surface by wetting phenomena, is probably minor. The
backstreaming rate of unconditioned or contaminated oil is

usually quite large. In normal use, most systems tend to

*
Time for 2 _cm height of liquid to backstream at a rate of

10-2 mg/cm?-min = 2/(10-2) (10-3) (60) (24) = 140 days.
11T RESEARCH INSTITUTE
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condition themselves, resulting in a continual decrease in
volatile contaminants and in the backstreaming rate. Hablanian's
data (ref. 20) show that backstreaming values decrease slowly
with long runs to values of 0.7 x lO—6 mg/cmz-min, although the
analysis is complicated by start-up effects. Langdon and Focht-
man (ref. 29) obtained consistent values of 0.02 x lO_6 mg/cm2—min
over a period of months, followed by a tenfold decrease to
0.003 x 1076»mg/cm2—min in a long run.

3. Fore-Line Contamination

Forepump contamination can be a serious source of contami-
nation in an ultrahigh vacuum system. Forepump oil is funda-
mentally a rather volatile material but can contain heavy- and
light-end degradation products due to the cracking process that
accompanies the various friction phenomena in the mechanical
pump. The cavitation that accompanies the pumping action ejects
fine droplets of oil, both upstream and downstream of the pump.
Contamination is often eliminated by an intermediate diffusion
pump in the fore line of the main diffusion pump. More infre-
quently and less reliably, contamination is minimized by cold
and/or absorption traps in the fore line. 1In this investigation,
contamination was prevented by operating the diffusion-pump
fore line with a slight leak and by having the ballast on the
mechanical pump slightly open. The fore line also had at least
two right-angle bends.

B. System Conditions

A large number of conditions can influence the backstreaming
performance of oil diffusion pumps. The complexity is too great
for all .of these factors to be studied in detail. By confining
our attention to systems operating below 1078 torr, the para-
meters were limited to those discussed below. The detailed

process and equipment specifications are given in Section III.
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l. Modern 0Oils
This work was restricted to two major types of stable,

single-component oils: 1,1,3,4,4- (phenyl) —l 33,5- (methyl)
-trisiloxane, and mixed pentaphenyl ethers. The proprletary
materials actually used were DC 705, Convalex 10, and 0S 124.

DC 704 ﬁ 1,5,5-(phenyl) -tr1s1loxané] is probably the diffusion
pump o0il in greatest use today. This o0il was tested in the
early stages of our work (ref. 28) as a frame of reference, but
its backstreaming characteristics were so poor compared with the
other oils that it was eliminated from the program. DC 704 has
been used with liquid nitrogen baffles in some of the recent
ultrahigh vacuum systems because its lower boiling point is
believed to cause less oil degradation.

2. Pumps

The pump, NRC HS6-1500, was specified by the original sponsor,
Arnold Engineering Development Center, because it was the only
available United States pump with a cap over the top jet at that
time. This cap was an essential requirement for Arnold's con-
templated long-term operation with a liquid nitrogen baffle
directly above the pump. In the absence of a cap, runs would
be limited to less than 100 days because of the oil freezing out
on the baffle. A baffle arrangement without an intermediate
water-cooled baffle would give maximum conductivity and pumping
speed at the expense of greater liquid nitrogen consumption.
This pump employs a two-compartment boiler and can be considered
representative of a fractionating pump.

The CVC PMC-1440a pump, which also has a cap over the top
jet, was chosen as representative of a completely different type
of pump that receives widespread use in the United States. This
Pump employs multiple, siphon-type boilers in the vaporizer,
which is not compartmented. This pump is nonfractionating in the
conventional sense, however, fractionation can be obtained by
adjusting the exit cooling water close to the boiling point.
Consequently, the hot condensed oil entering the boiler contains

IIT RESEARCH INSTITUTE
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a minimum of dissolved gases and volatile components. A ma jor
difference between these two pumps is that the PMC-1440A does
not have an ejector jet; however, it does contain four diffusion
jets, whereas the HS6-1500 pump has three.

3. Baffles

The -original selection of baffles involving a one-bounce,

right-angle elbow and the CVC-BC-61 chevron trap was somewhat
arbitrary. The main purpose of the program was to evaluate the
backstreaming characteristics of the two recently available
pump oils, and these baffles were selected for test as repre-
sentative of one- and two-bounce types.* The two other baffles,
NRC-HN-6 and G/P-Cryosorb-251, were later included as represen-
tative of other major industrial baffles.

Baffle temperatures of -75°F were used in the majority of
the tests since they could be reliably and economically main-
tained for months by mechanical refrigeration without any atten-
tion. Spot tests at temperatures of -25°F and liquid nitrogen
indicated that the same results were obtained as at -75°F.

The BC-61 and the HN-6 baffles which have warm walls and might
allow oil migration, were tested while the sides were cooled
with external cooling coils.

4. Seals

Double elastomeric O-ring seals with guard vacuum were
employed throughout the program. It was determined early that
unlubricated silicone seals, after a short run-in period, would
not contribute any detectable contamination. This sealing tech-
nique was extremely helpful in simplifying our measurements,

which involved numerous and rapid assembly and dissembly of the

*
These terms do not define the trapping characteristics as well

as transmission probability and average number of contacts
(see Table 6).

HT RESEARCH INSTITUTE

ITTRI-C6030-10



system to remove the sample from the collection plate.

5. Operating Conditions

A conditioning period of at least 2 weeks and sometimes
1 month was required before definitive results could be obtained.
Once obtained, a system generally remained conditioned (i.e.,
gave low values of backstreaming) or recovered rapidly from
mild contaminant loads. If a system did not start to perform
satisfactorily in 2 weeks, the best solution was a complete
cleanout and oil change.

A detailed set of standard operating procedures was devel-
oped during the course of this work. These procedures were found
necessary to obtain reproducible low values and were specific

for this purpose. These procedures are discussed in Section IIIB.

C. Theoretical Considerations

The fundamental mechanisms that cause the trace contamination
measured here are unknown. For example, all of the measurements
in AEDC work (ref. 28), except the last (ref. 29), were rate
dependent and very reproducible. It is now known that the
higher values for those stations employing BC-61 baffles were
due to oil migration along the warm sides of the baffle. The
values for the stations with the elbow baffle must be due to
some other source since oil migration effects along warm sides
are absent. Explanations can be postulated which suit most of
the available evidence, however, further verification is needed.

In a system with a correctly designed baffle, all vapors
will contact a cold surface at least once. The backstreaming
value will then depend upon the sticking coefficient. A baffle
that initially allows considerable oil to backstream will, after
conditioning, perform with a coefficient as close to unity as
it is possible to measure. The sticking coefficient, or the
contacting phenomena, has obviously undergone a radical change.
It is probable that backstreaming is caused by periodic, non-

homogeneous phenomena, from which mechanisms can be postulated
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which explain this behovior.

The fundamental causes of backstreaming in well-baffled
systems are undoubtedly related to the violently explosive
characteristics of the vaporization processes that occur in the
diffusion pump. The most obvious is the eruptive boiling
process that takes place in the main boiler. Related to this
is the explosive revaporization of any light-end oil droplets
that contact the hot external surfaces of the jet stack or the
0il in the bottom annular space. Leaks or gas evolution will
usually take place as a series of explosive pulses. Thus such
violent processes can give rise to infrequent bursts of vapors.
It is very improbable that any measurement in the gas phase
would be statistically significant as an indication of back-
streaming. If the backstreaming material consists of a rela-
tively large liquid drop, one such particle will constitute
appreciable contamination over a period of days. Such contam-
ination may not always be detected by pressure or mass spectro-
meter measurements. Conditions are ideal for such liquid drops
to exist for days in a superheated state without exerting
appreciable vapor pressure.

It has not been demonstrated whether gas or liquid, or
both, are involved in baffled backstreaming. We are inclined
towards the viewpoint that liquid droplets are often involved.
This work showed that a system with a simple elbow baffle will
backstream less than 1 monolayer in run periods up to 544 hr.
The same value was obtained for the widely different baffle
temperatures of -25 and -75°F. This demonstrates that the
accommodation coefficient for the oil vapors is as close to
the ideal value of unity as possible. 1In systems that
gave up to 50 monolayers in 70 hr, trap temperatures down to
liquid nitrogen had no measurable effect on the amount of
backstreaming. Ricocheting of small liquid drops could be
responsible for this relatively great amount of contaminant

penetration. This ricocheting has been observed in high-speed
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cinephotomicrography of a similar process, the coalescence of
very small liquid drops on liquid surfaces (ref. 27).

Backstreaming could be entirely due to gaseous backstreaming.
In an analysis (ref. 25) of the contribution of intercollisions
in the gaseous state to backstreaming, the calculation for 1078
torr gave the very low value of 10—1Omg/cm2—min for both oil-
oil and oil-gas collisions in an elbow trap. These very small
values are obviously unrelated to the value of >10—7mg/cm2—min
usually obtained. However, if we have an infrequent ray of
gaseous material with localized pressures approaching 1 torr
or higher, such a ray in a one-bounce trap could give rise to
gaseous intercollisions and account for the backstreaming, since
some fraction of the gaseous ray will not contact the baffle
surface. It is of interest to note that a sticking coefficient
of 0.9 corresponds to a backstreaming rate of 10 g/cm2—min
through an elbow baffle by the calculations of Jones and Tsonis
(ref. 25).

The viscosity of the o0il can be related to much of the
observed backstreaming phenomena (ref. 28). 1In the previous
work one of the most striking differences was that under similar
conditions the right-angle elbow was usually ten times more
efficient than the chevron baffle. Another difference was that
pentaphenyl ether was usually ten times better than DC 705.
These differences occur when backstreaming was appreciable. In
this program, under optimum conditions the same low value was
obtained for both oils or both traps. An apparent explanation
is that the right-angle elbow does not present an opportunity
for liquid to drop onto a hot surface and undergo explosive re-
vaporization. Under similar conditions the more viscous penta-
pPhenyl ether should have less tendency to drip. The explosive
revaporization process requires a more volatile material in the
drop than in the bulk oil. This situation can occur if the drop
absorbs sufficient gas before dropping off the surface. Visual
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T

observation shows some of the drops persist for hours or days

before they leave the baffle surface.

D. Measurement of 0il Deposits

It is rather difficult to fully define many of the reported
values of backstreaming in baffled systems and to compare them
with this work. Analytical techniques have been inadequate,
and there has been periodic mention of "no contamination" in
systems -that probably had very high contamination levels. Fedor
and Koontz (ref. 15) described a wettability technique and gave
data to demonstrate sensitivities of 0.1, 0.5, and 3 monolayers
for fatty acids, lard oil, and mineral oil, respectively. Al-
though this method could be extremely useful and generally ap-

plicable, it was found to be nonreproducible in our work (ref. 28),

and sensitivities generally were greater than 25 monolayers with
DC 705.

Holland (ref. 23) described a method that consists of poly-
merizing the deposit with an electron beam and determining the
deposit thickness by reference to a masked section by using a
multiple-beam interferometer. This technique gave absolute
measurements of 50 A (5 monolayers). Holland reported back-
streaming values of <0.5 A/hr for a DC 705 (<1 x 10—8mg/cm2_min)
system trapped with liquid nitrogen.

Carter et al (ref. 5) used radioactive tracer techniques
that detect deposit formation of <0.4 A/hr by measurements at
5-min intervals. This special short-term technique is only
suited to very special applications.

Hablanian (ref. 20) has recently used a solvent technique
for removing the deposit and weighing the change in weight of
the collecting surface. He determined values of 5 x 10—6
mg/cmz_min for DC 705 and 0.4 x 10"6mg/cm2_min for pentaphenyl
ether. These values were continually decreasing with run time,

6

and a final value of 0.07 x 10~ mg/cmz_min was obtained with

DC 705.
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Actually, many sensitive analytical techniques could be
used in this application. (Some of the available techniques
are listed in Table 3.) These methods are fundamentally capable
of good aecuracy in the Ppb range. Theoretically, ultrasonic
techniques-can detect weight changes down to lO_12 g in a 1.0 g
total weight. Measurement of distance changes of the order of
10_10cm are also possible (No. 8 in Table 3). All of these
methods would require considerable development work before
useful and definitive values could be obtained. Reproducible
values should be accepted as valid only after they have been
obtained by different methods. The agreement of two methods
that are based on independent principles is considered verifi-
cation of the value. Most of these sensitive analytical tech-
niques depend on a measurement of a physical property that is
empirically correlated to the chemical structure, and very
slight changes in the system can destroy the correlation.

One of the most universal and sensitive analytical tools
today is gas chromatography. It was only at the end of this
work that a technique was developed to analyse DC 705 deposits

4 mg/cm2 (0.1 monolayer)

of 1073 mg, which corresponds to 0.1 x 10~
in our work. A concentration of 1% DC 704 can be determined
quantitatively, in these small deposits. The use of tracers
would increase the sensitivity to 10—5 mg. Even these values
represent only 1/40 of the theoretical limit of instrument sen—
sitivity. Sensitivities of 10_4 mg have been obtained on known

hydrocarbons (Item 7 in Table 3) at IIT Research Institute.
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III. EXPERIMENTAL WORK

A. Test Stations

As shown schematically in Figure 1 and as pictured in Fig-

ure 2, five test stations were set up. All diffusion-pump sta-
tions were-instrumented to failsafe in case of failure of water,
electricity,; or vacuum. All major components were selected to

be representative of commercially available equipment. The
equipment was used without modification, except that the sides

of some of the traps were cooled externally to eliminate oil
migration along the warm walls. Data on the mechanical pumps,
diffusion pumps, baffles, oils, collection plates, and refri-
geration are detailed in Tables 4 through 9 and Figures 3 through
9.

The mechanical pumps were operated with the ballast valve
open 3/4 turn at all times. All stations, except No. 1, were
operated with an air leak at the fore-line flange of the diffu-
sion pump sufficient to maintain the fore-line pressure at ap-
proximately 20 p. Station 1, without a fore-line leak, was
operated near 1l . This procedure combined with the two elbows
in the fore line minimized contamination by mechanical pump oil.

The diffusion pumps were operated with rated power except
for the programmed start-up procedure (Table 18). Tests with
power input varying from 75 to 125% of rating showed no effect
on backstreaming. The HS6-1500 pumps were operated with the
cooling water valves wide open. Consequently the exit cooling
water temperature varied from 35 to 65°F with winter and summer.
The PMC-1440A pump was operated with the exit water thermostated
to 200°F, as recommended by the manufacturer.

All main seals were designed with double silicone O—rinés,
which were unlubricated and utilized a guard vacuum. The'O—ring
groove specification (Figure 10) permitted the silicone O-rings
to be used repeatedly without being disturbed when samples were

removed. Other elastomeric materials such as Viton, buna,
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neoprene, and butyl, were much less satisfactory due to trace
contaminants and adherence to the metal. When experimental
changes resulted in the use of a seal with a single O-ring
groove, the 0O-ring was lubricated with Apiezon H. This grease
did not contribute any material that noticeably influenced the
ultraviolet absorbance readings at the wavelengths of interest.

Refrigeration for the traps and the collection plates was
generally -75°F but was varied from room temperature to -125°F.
Cooling was provided by mechanical refrigeration (Table 9), and
methanol was used as the circulating coolant.

Pressures were read with the ionization gauges, CVC-GIC-017
and Varian UHP-12P, and the gauge control Varian 971-0003
(Table 11) was used. All gauges used l-in. tabulations and were
provided with traps (H. S. Martin Company, Cat. No. M-40450,

500 ml) so that readings could be made at room temperature or
with liquid nitrogen trapping. The partial pressure analyzer
used for this work was the General Electric partial pressure
analyzer model 22PC110 (Table 12). Permanent magnets of 2.5 and
5.0 kilogauss were used. (Complete details on the gauges and
the analyzer are given in Tables 10, 11, and 12.)

The backstreaming oil was collected on a refrigerated
Plate located just above the baffle (Figures 8 and 9). The
amount of deposit was determined by washing off the oil with a
solvent and analyzing by ultraviolet absorbance and later by
gas chromatography.

The various pieces of equipment were used in many different
arrangements over a period of four years; the arrangements of the
five stations are shown in Table 13 through 17 so that questions
concerning specific runs can be resolved by reference to the

appropriate station.

B. Experimental Procedures

1. Standard Conditions

During this program very low backstreaming values were
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obtained consistently. This is a direct result of experience
with the system and conditioning of the o0il. These low results
required a continual reexamination of our collection and analysis
techniques. Consequently, a standard procedure (Table 18) was
established to minimize the variation in data for such small
quantities of oil. Selection of these conditions constituted
an important part of the results of the program and are discussed
later.

2. Analytical Techniques

Quantitative determination of the amounts of oil deposits
were generally made by ultraviolet absorbance measurements,
since this method is simple, fast, and nondestructive. The
determination by gas chromatography is essentially the opposite.
Moreover, it was not until the end of the program that gas chroma-
tography was developed to a usable extent. Gas chromatography
is much more sensitive and informative as to actual components
than the ultraviolet method. The greatest use of gas chroma-
tography requires tracer techniques that were not developed here
due to lack of time.

3. Solvent Treatment of Collection Plate

The o0il deposit on the collection plate was removed by

washing the plate with a solvent. Originally a selected lot of
methanol that had been checked for satisfactory ultraviolet
absorbance characteristics was used. Later, no selection of
solvent was necessary. Instead, a reference sample of solvent
was taken and used for each set of plate samples. The volume
of solvent was gradually reduced from 50 to 10 ml. In initial
experiments the collection plate was rinsed with copius amounts
Of alcohol and replaced for the next run. In later work, the
plate was washed copiously three times, and then a blank sample
was obtained using 10 ml of solvent. This was followed by three
more washes and a second blank sample.

The rinsing process collected 95% of the o0il under most
circumstances; this was more than adequate. Attempts were made
to collect the sample in large quantities of solvent and
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concentrate it to a few ml. The amount of background that
developed in the concentration step generally prevented satis-
factory measurements.

4. Ultraviolet Absorbance

The ultraviolet absorbance value was determined for the

samples and compared with fresh solvent by using a Cary spectro-
photometer model 14. The comparison solvent was drawn fresh
from the same solvent bottle each time a plate was rinsed. The
ultraviolet absorbance was measured in l-cm curvettes, which
were isolated from all other uses, and separate sets were used
for each kind of pump oil.

The amount of oil deposited can be calculated from

W= Vm A.U.

where
W = total weight of 0il on the collection plate, mg

V = total volume of rinse sample, ml

m = slope of calibration curve, mg of o0il/ml/A.U.;
equal to 0.39 for DC 705 and 0.063 for
Convalex 10 or 0S 124

A.U.= absorbance units measured at 258 and 278 m.
for DC 705 and pentaphenyl ether, respectively

The accuracy of the data (Table 19) was verified by seeding
the plates with known weights of o0il (Table 20). The analytical
blanks for pentaphenyl ether were 0.5 x 10_4 mg/cm2 or lower,
whereas for DC 705 they were usually 1 to 2 x 10_4 mg/cmz. These
blanks indicated that pentaphenyl ether deposits could be measured
to an accuracy of less than 1 x lO"4 mg/cm2 whereas DC 705 could
be measured with an accuracy between 1 to 2 x 10-4 mg/cmz. (Figures
11 and 12 show the actual curves for deposits of 1 x lO_4 mg/cm2 and
higher. With small amounts, under 5 x 10-4 mg/cmz, the absorbance
Spectra had no characteristic peaks. The validity of the measure-—
ment was a major result of this work and is discussed in Section IV.

5. Gas Chromatography with Pentaphenyl Ether.

Development of a chromatographic analysis of pentaphenyl ether
was undertaken early in the program. Later, somewhat different
methods were developed for silicone and turbomolecular pump oil.
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Data on used oils and backstreaming deposits are discussed in
Section IV.

The methanol elutriates of pentaphenyl ether derived from
plate washings were concentrated to near dryness at room tem-
perature and dissolved in approximately 0.1l ml of benzene. Ap-
proximately 10 il of this solution was used for analysis. The
fresh oils were prepared for analysis by diluting to 10% oil in
benzene and using 1 ul of the resulting solution.

All analyses were performed on a Loenco model 70 gas chroma-
tograph employing a dual hydrogen-flame ionization detector.

The column consisted of a 6 ft x 1/8 in. copper coil containing
Chromosorb ABS (120 to 130 mesh) coated with 5 wt. % SE-30 sili-
cone gum. The helium carrier gas was maintained at an inlet
pressure of 65 psig to maintain an exit flow of 40 ml/min. The
signal was directed to a l-mv recorder with a full-scale range
of 8 x 10710 amp. The temperatures of the column, detector, and
injection port were maintained at 265, 280, and 275°C, respec-
tively.

No direct quantitative calibration was made for pentaphenyl
ether since the accuracy of the much simpler ultraviolet method
was more than adequate. A qualitative comparison with ultra-~
violet and weight is given in Table 21. The actual curves
(Figure 23) are discussed later. These data give an accurate
indication of the amounts of nonpentaphenyl ether constituents.
As shown below for DC 705 and turbomolecular pump oil (Part B),
gas chromatography can be extended to considerably greater sen-
Sitivity than ultraviolet. The latter, though much simpler,
uses a dilute sample that must be concentrated for gas-chroma-
tographic analysis. However, sample concentration for the
ultraviolet method has, to date, been unsuccessful because of
the large increase in background, which makes the ultraviolet
reading unusable.

6. Gas Chromatography for DC 705 and DC 704

The gas-chromatographic analytical technique was developed

to aid in evaluating the performance of DC 705 oil containing
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small amounts of a well-characterized light-end component
(actually DC 704). The ultraviolet technique did not distin-
guish between these similar compounds. Moreover, the quantity
of 0il (~0.02 mg on a collection plate of 179 cm2 is equivalent
to 1 monolayer) was so small that the ultraviolet spectrum did
not show characteristic peaks (Figure 11).

The methanol elutriates from the plate washing were concen-
trated in a Teflon test tube shaped to a 60° cone by passing a
room-temperature stream of dry air or nitrogen over the sample
until the solvent had evaporated. Ten ul of benzene were added
to the residue, and the entire liquid used for analysis. The
recovery of oil on known samples was 76% (Table 22), which was
more than required since the oil deposits can vary by 100%.
Obviously, the use of an internal standard would increase the
precision. Samples of the unused oils were prepared by diluting
to known volumes in benzene and injecting from 0.5 to 5 ul as

desired.
Initially, a 6 ft x 3/16 in diameter copper column was em-

pPloyed. The packing consisted of 3% SE-30 on Anskrom ABS 120

to 130 mesh with a helium pressure of 26 psi. The final column

consisted of 5% S£-30 on Anskrom ABS 60 to 70 mesh with a helium
pressure of 38 to 40 psi. Temperatures of the column, detector,
and injector were 300, 310, and 315°C, respectively.

Calibration curves for DC 705, DC 704, and mixtures of each
are shown in Figures 13, 14, and 15, respectively. The data on
DC 704 and DC 705 mixtures are summarized in Figures 16 and 17.

Data for used oil and for backstreamed samples are discussed
in Section IV. The validity of the measurements for DC 705 ap-
pears to be better than 0.1 x 10~ % mg/cmz.

7. Mass Spectrometry

The general equipment and conditions used in the mass spec-
trometer tests are listed in Table 12. These conditions give
maximum definition for m/e = 28 (N2) and were used in all tests
unless stated otherwise. The mass spectrometer tube was inserted
radially into the test spool through a l-in opening. It was

sealed by double silicone O-rings provided with a guard vacuum.
HT RESEARCH INSTITUTE
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The tube was baked out repeatedly for periods of 2 to 18 hr at
temperatures of 250°C.
8. Calculation Methods

The sensitivity of the partial pressure analyzer for a

particular gas is defined as the ratio of the response of the
analyzer (in amp) to the actual pressure of the particular gas
in the vacuum system. There are three ways to determine the
actual partial pressure. One method is to leak the gas to be
measured into the system at a rate such that it is the main gas
-in the vacuum system and then determine its pressure with a

Bayard-Alpert gauge. When the leak rate is not sufficient to

-raise the system pressure 100-fold over the base pressure, the

gas in the system cannot be assumed to consist entirely of the
leaked gas. The pressure is corrected by subtracting the no-
leak Bayard-Alpert reading from the with-leak reading. The
result is then multiplied by the Bayard-Alpert gauge calibration
factor for the leaked gas.

A second method is to introduce the gas as a controlled
small percent of a carrier gas such as air or nitrogen. This
method is an indirect comparison of the Bayard-Alpert reading

with the minor constituent which is calculated from:

P =P . X Mx
X carrier X PV B

carrier

where

P = pressure, torr
X = mole fraction
M

molecular weight

subscript x = minor gas constituent.

The square root expression gives the theoretical effect of
pumping speed on the pressure in a system of gases of different
molecular weights.

A third method employs a calibrated leak, V, into the system.
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MX Vv
Px = 500 /g [(60) (1000)]

V = leak rate, ml/min

where

500 = pump speed for nitrogen, liters/sec
28

molecular weight of nitrogen.

By measuring the pressure with the Bayard-Alpert gauge, this
equation can also be used to calibrate the leak. Sensitivities
for the mass spectrometer are summarized in Table 23 and com-
plete data are listed in Section IV G and Table 50.

9. Pressure Measurements

The work prior to October 1964 employed ionization gauge
tubing 23 mm I.D. x 3-in long, which did not have provision for
liguid nitrogen trapping. Since October 1964 all pertinent
readings were made with trappable gauges which employed an
H. S. Martin spherical trap (500 ml sphere with internal spher-
ical reservoir, 1/2 in clearance, 3-in tubulation on each end).
(These traps are pictured in Figures 2 and 3.) The pressure
readings are differentiated in the tables by RT for room tem-
perature and by LN2 for nitrogen cooling. This system was very
informative in this program. The light ends*present due to
operation with cooled baffles often result in room temperature
readings of 10 ' torr versus liquid nitrogen readings of lO_9
torr. Stable and reproducible readings cannot always be ob-
tained on DC 705 systems without liquid nitrogen trapping.

No gauge calibrations were made since we are concerned only

with pressure ranges. By employing their nominal or calibration
emission current, all gauges were found to agree within 100%.
It was previously determined (ref. 28) by routine checks against
a relatively unused standard gauge on the same tubing that even
a severely discolored gauge tube did not change its calibration
in the worst case by more than a factor of two.

It was observed that untrapped gauge readings on DC 705

*Mostly water.
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systems were inconsistent. All gauge readings were made with
at least 1/4 hr degassing by ion bombardment (Varian control)
and-a waiting period of at least 1 hr. Usually on alternate
days a room-temperature gauge was read in the morning after an
18-hr waiting period. Variations of consecutive readings became
Pronounced only with DC 705. Investigation* revealed that such
untrapped gauges, after degassing and a l-hr wait, would read
one decade lower than a degassed liquid nitrogen-trapped gauge.
The untrapped gauge reading would then start to rise and in a
period, which varied in an uncharacterized manner from 1 to
several hr, balance out one decade above the liquid nitrogen-
trapped gauge reading.

*
Station 2, operating with room-temperature baffles and using
individually tubulated gauges. Presumably very small quantities
of light-end oil molecules were present.
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IV. RESULTS

A. Backstreaming Contamination under Standard Conditions

As shown in Tables 24 through 28, under standard and op-
timum conditions backstreaming was less than one monolayer,
1l x 10—4 mg/cmz, after bakeout during runs of over 500 hr. This
performance was obtained with either pump and either o0il and
two out of four baffles. The data (runs 139, 151, 137, 142,
and 143) show that the monolayer present at zero time is ad-
sorbed during the bakeout period and is not removed by temper-
atures of 212°F for Convalex 10 or 470°F in the case of DC 705
but is removed by the solvent wash. The analytical measurement
leaves no doubt that this basic contamination level is a defin-
itive amount. These results show that a clean and conditioned
oil-diffusion-pump system can be operated quite routinely for
extended periods without a detectable buildup in vacuum chamber

contamination level.

B. Validity of Measurements

The entire value of this work depends upon the validity of
the analytical measurements. Much of the difficulty in the past
has been due to the analytical procedures employed. It was
necessary to expend an appreciable part of the effort on the
analytical technique, and continual refinements were developed
throughout the program. It is believed that the importance of
the subject merits further discussion.

l. Ultraviolet Absorbance

In Section IIIB calibration data on absorbance versus weight

for the different oils were presented. As shown by the data
(Table 19), agreement was within 1%. Simulated measurements
obtained by seeding collection plates with known amounts are
shown in Table 16. The major deviation that occurred with the
4 mg/cmz) is to be

expected. These values were all obtained by reference to an

lower amounts of oil (1 monolayer, 1 x 10~
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analytical blank. Note that this is an automatic overall check
on the analytical method and indicates any errors in procedure,
sampling, collection, instrumentation, etc., that do not remain
constant and that constitute background noise. The DC 705 oil
shows a much greater and more variable blank than the penta-
phenyl ether. The measured values for the seeded DC 705 samples
and the analytical blanks generally showed a sharp and pronounced
jump of 3 i;l monolayers over the seeded amount. This phenomenon
cannot be explained since new or well-rinsed plates should show

a negligible blank. The differences were, however, very repro-
ducible.

The analytical method for pentaphenyl ether was checked by
gas chromatography, ultraviolet absorbance methods, and weight
in several runs to determine the presence of light ends. The
data (Table 21) indicated very close agreement between the three
methods except for run 57. In this run, the weight analyses
did not indicate as many light ends as gas chromatography.

The gas-chromatographic technique was not developed further
for pentaphenyl ether. The ultraviolet absorbance method, as
exemplified by the behavior of the analytical blanks, showed
that the results for pentaphenyl ether were consistent within
an average deviation of 0.2 x 1074 mg/cmz.

The ultraviolet spectrum for 1 to 4 monolayers did not show
any distinctive peaks (Figures 11 and 12). 1In addition, the
ultraviolet spectrum did not distinguish between similar com-
pounds.

2. Gas Chromatography

Gas-chromatographic techniques were developed for mixtures
of DC 705 and DC 704. The data (Tables 19 and 20) indicated a
sensitivity of at least 10 times and probably 100 times that of
the ultraviolet method. Moreover, chromatographs identified
distinctive peaks for the DC 705 and DC 704, whereas indefinite
traces were obtained by ultraviolet methods. As shown in Table

35, run 232, values of 2.40 x 1074 ana 2.1 x 107* mg/cm2 were
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obtained by ultraviolet and gas chromatography, respectively,
and the amount of DC 705 present was 89.5, 89.4, and 93.3% for
runs 232,234, and 239, respectively. There is no doubt that
these deposit values, on the order of 1 monolayer, are a true
and valid measurement of the contamination; however, there are

some unidentified light-end components present (Peak A Figure 24).

C. Pump Performance

The two types of pumps tested were the NRC-HS6-1500 and
the CVC-PMC-1440A (Table 5), which are representative of two
common types of industrial pumps. The results (Table 24 through

28) indicate that under optimum conditions both pumps gave the
same low backstreaming value of vl x 10-4 mg/cm .

Considerable time and effort were required to get the PMC
pump on the line; this was probably a contamination problem
since a similar phenomenon occurred with two out of four stations
that employed HS6-1500 pumps. The PMC-1440a pump was operated
with 200°F exit water and a fore pressure of lO'3 torr because
this condition prevailed when optimum results were finally ob-
tained. The HS6-1500 pump was operated satisfactorily without
any particular control of the cooling water or the fore pressure.
Consequently, the exit cooling water for this pump varied from
35° to 65°F from winter to summer. The fore pressures were
usually 1 to 2 x 1072 torr and infrequently 6 x 1072 torr.

The high temperature of the exit water for the PMC-1440A
pump is recommended by the manufacturer to decrease the gas sol-
ubility of the o0il returning to the boiler. This high temper-
ature serves the same purpose as the fractionating process in
the compartmented boiler of the HS6-1500 pump. From the stand-
point of removing light-end components, which result from either
the load in the test space or from oil decomposition, operating
procedures involving fractionation should always be employed.
Light ends are usually accompanied by increased backstreaming

contamination.
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This work did not indicate any difference in the operating
procedures for the two pumps per se; however, these procedures
were not investigated specifically because of emphasis on other
factors. When operating a pump for minimum contamination, there
is little reason to tolerate exceptional operating conditions.
Undoubtedly, under exceptional conditions differences will occur.
For example, the HS6-1500 pump with 4 x 10-l
fore line and zero through put gave a pulsing fine pressure and

torr of air in the

a 13-fold increase in oil deposit. In this case the pumping ac-
tion was apparently unstable, even though the fore-pressure tol-
erance for DC 704 is given as 0.7 torr. Presumably, a different
heat input and cooling water temperature would allow the same
fore-pressure tolerance with this oil. This type of backstreaming
contamination might be related to variation in the start-up back-
streaming deposit with heat input. The data show a minimum de-
posit with 50% heat input on the HS6-1500 pump. This phenomenon
was not tested on the PMC-1440A pump, although its thermal siphon
heaters could be expected to have different behavior than the
more usual flat-bottom surface heaters that are used on the HS6-
1500 pump.

The PMC-1440A pump did show the phenomenon of a system
pressure (RT) of 10_8 torr that had slow pressure excursions
into the 10_7 torr every 3 to 4 min. This pressure excursion
was not noted with a liquid nitrogen reading near 10"9 torr. It
was thought this was due to the variable evolution of light ends
due to the type of fractionation employed in this pump. However,
the same Ppop excursion was found in the final tests on Station 4,
which used the BC-61 trap from Station 1. It is therefore pos-
sible that a methanol leak in the trap was responsible for the
excursions and that the same leak initially larger but partially
plugged in use may have been responsible for the difficulty in
getting Station 1 on the line. However, careful helium leak

tests on Station 1 disclosed no signs of a leak.

IHHT RESEARCH INSTITUTE

24
IITRI-C6030-10



D. Pump Oils

1. Optimum Conditions

Three oils were evaluated during the program: DC 705, Con-
valex 10, and OS 124. Under optimum conditions the amount of
backstreaming from these oils was identical. Thus, with oils
used in a well-trapped system and with good operational prac-
tices, the backstreaming deposit was about 1.0 x 10_4 mg/cm2
which is equivalent to one monolayer of oil. (Typical results
are given in Table 24 through 28.) The results for DC 705 showed
slightly more variability than the results for pentaphenyl ether
because of the greater variability in the analytical blank,
which in turn is related to the greater tendency of this mater-
ial to adsorb on surfaces.

2. Stability under Normal Operating Conditions

Visual examination of oils after 2 years\of continuous
operation without any abuse show that DC 705 was unchanged but
pPentaphenyl ether was slightly yellow, and there were small
dark flakes floating in the bulk liquid. Examination of the
pump stack (Figures 18 through 20) showed that only pentaphenyl
ether caused dark deposits on the external surfaces of the
stack. These deposits were undoubtedly due to oxidative de-
gradation. DC 705 could have undergone the same phenomenon,
but its decomposition products were usually colorless. 1In the
worse case for pentaphenyl ether the amount of degradation was
of negligible influence and should cause no appreciable dif-
ficulty for many more years.

Catalytic decomposition of the o0il apparently occurred in
Stations 3 and 4 (Table 29 and 30). The tests were primarily
concerned with evaluating the HN-6 baffle and several of the
factors involved were not appreciated until later. The data
indicated that the defective baffle (HN-6D, run 133) gave the

4 mg/cmz) as obtained with a new HN-6

same performance (7 x 10~
baffle (runs 223 and 238). Apparently, the presence of methanol

and nickel particles that sloughed off of the plated trap had
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no effect. There were undoubtedly hydrogen bursts due to de-
composition (methanol or nickel-catalyzed oil decomposition)
prior to run 133, but they were extremely-infrequent at this
point. However, the phenomenon became more pronounced between
runs 164 to 186 and, as shown by runs 205 and 210, may have been
due to the corroded jet stack. It appeared likely that the
cleaning cycle, which involved refluxing the- system with methanol
caused the excessive corrosion of the aluminum stack and that

the corroded stack caused catalytic degradation of the oil.

It is believed that some type of catalytic degradation was
responsible for the backstreaming values obtained in Station 4
with the right-angle elbow (runs 34 to 134). The pressure
readings showed the same sharp periodic pulses as in the case
of Station 3 for runs previous to run 133. A cleaned system

with new o0il gave a value of 3 x 10"4 mg/cm2 (runs 237, 240, and

4 2

mg/cm” .
3. Effect of Air Leakage on Stability of Pentaphenyl Ether.
An exploratory study of the effects of air leakage was made

244) which was very close to the optimum value of 1 x 10~

with the mass spectrometer. It was not expected that quantita-
tive results would be forthcoming, since the stability of the
0ils appeared to preclude this. Rather, it was hoped that pat-
terns of the mass spectra and their changes with various leakage
conditions could be used to monitor these effects. Their rate
of formation and the disappearance of the various masses should
constitute an indication of their importance.

Mass spectra for Station 5 are shown in Figure 21. Blanks
in the mass numbers do not necessarily indicate missing peaks
since they may or may not have been measured. There is usually
considerable background noise in the lower 10_12 amp region.
Consequently, only mass peaks that have other lower peaks on
both sides can be used as evidence of a true mass peak in this
amp region.

Prior to these particular tests the station had been sub-
jected to various regimes that cannot be well defined. Station

5 was subjected to undefined air leakage for more than 2 months.
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7 8

The system pressure varied between 107’ and 10~ torr, which

serves as a rough guide to the extent of the leakage. The mass
spectra shown involve periods of 3 days, during which ambient
air was leaked into the test heads of the station. The magni-
tude of any leak can be readily determined from any system pres-
sure by using the net pumping speed of 500 liters/sec at the
pump inlet for nitrogen.

The room-temperature baffle with an air leak (Figure 21a)
shows numerous masses over 60 in the lO*ll amp region and one
very predominate peak at 76 (or 78) of 10”2 amp. With the baffle
at -75°F all peaks over 50, including 76, decrease to the low
10712 amp region (Figures 21F and G).  With air off and with the
baffle at either room temperature (Figure 21C) or —75°F (Figure
D & E), all heavy mass peaks decrease essentially to zero.

The rapid decrease of these peaks with the leak off indi-
cates that they are due to air degradation and that such degra-
dation is minor and self-purging.

Since the vapor pressure of benzene at -75°F is lO_4 torr,
the effect of baffle temperature in decreasing the mass peaks
indicates that these are degradation products of fairly high
molecular weight.

4. Eruptive Boiling and Revaporization

These phenomena are sometimes considered a ma jor contributing
factor to backstreaming. This is obviously true in massive back-
streaming. No direct experiments were performed on these factors:
however, some observations may be of interest. 1In small glass
or metal pumps, the apparent eruptive boiling process is quite
violent for both oils:; however, pentaphenyl ether appears to be
much more violent. The apparent increase in ebulation violence
for pentaphenyl ether relative to silicone oil is a phenomenon
generally true for more viscous materials and has been recognized
in vacuum distillation techniques for many years. The eruptive

boiling in any 6-in metal pump is not evidenced by noise, although

there is visual surging in the level indicators connected to the
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pump vaporizers.

Conditions for eruptive revaporization are unusually favor-
able in most diffusion pump setups. Any liquid collecting on a
baffle whose temperature is at ambient or below can absorb gas-
eous material and, upon dripping onto a hot stack surface, reva-
porize explosively. The greater fluidity of DC 705 and the
greater opportunity for dripping on a hot stack with a chevron
baffle give résults* in agreement with this postulation, namely,
10 times greater values with DC 705 than with pentaphenyl ether
and also 10 times greater with-the chevron than with the elbow
baffle. Such revaporization may project liquid drops upward
and seems a much more probable cause of liguid or gaseous back-
streaming than eruptive boiling in the pump boiler. The baffle-
temperature independence of backstreaming in an unconditioned
system indicates that it is more likely liquid drops, since the
sticking coefficients for liquid drops should be totally unre-
lated to that for gaseous molecules and independent of baffle
temperature. As mentioned previously, concentrated rays of gas-
eous molecules could have an apparent sticking coefficient under
unity because of the localized intercollisions that prevent some
molecules from hitting the first surface. Two or more bounce
traps should destroy such rays and trap the gaseous molecules.
Liquid drops, however, even if occurring very infrequently,
could ricochet repeatedly off successive surfaces.

5. Comparison of Convalex 10 and 0OS 124

Most of the results with pentaphenyl ether were obtained by
using Convalex 10, a pentaphenyl ether subjected to a proprietary
treatment and sold specifically as a diffusion-pump oil. Some
of the earlier work (ref. 28) used 0OS 124, which is generally
employed as a high-temperature lubricant. Runs made after re-
placing the OS 124 with Convalex 10 showed a general improvement
in backstreaming performance. This was probably due to improve-
ments in experimental techniques since the replacement of

*Under non-optimum conditions when rate dependent backstreaming
i5 taking place. 11T RESEARCH INSTITUTE
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Convalex 10 by OS 124 in Station 5 gave the same optimum value
of 1 x 1074 mg/cm2 (Table 24).

The distribution of the major isomeric components as found
by gas chromatography for unused OS 124 and Convalex 10 oils
peaks are shown in Figure 22. Structures were assigned to these
peaks solely on a statistical basis, and in reality, each peak
may well represent a mixture of more than one isomer. The con-
figuration shown for each peak in the chromatogram, however, is
thought to be the major contributor to that peak. The position
of the major component in Convalex 10, peak A, coincides in re-
tention data with the all-meta isomer in the 0S 124 fluid, peak A.
However, the two minor components, peaks D and E, do not agree
with either of the other two OS 124 components. Table 31 shows
the relative distribution of the major components found in five
OS 124 and two Convalex 10 fluids.

The effect of using the same lot of Convalex 10 oil in three
different pumps for approximately 3 months is shown in Figure 23.
These curves represent light-end samples, that is, samples col-
lected with a room-temperature baffle and a -75°F collection
plate in order to amplify the presence of light-end degradation
products. Note that the light end, peak D, in the original
polyphenyl ether has disappeared from all samples. The smaller
peak, F, is presumably a non-polyphenyl ether light end. The
areas (Table 21) of the F peaks in Figure 23 relative to the areas
of original main peaks are 60 and 22% for runs 55 and 58 with
oil used 3 months; these peaks can be attributed to this original
impurity.

An analysis made by Monsanto Company on Convalex 10 used in
Station 3 for 2 years is shown in Table 32. This oil was giving
very high backstreaming values, presumably because of catalytic
decomposition. This analysis is completely different from that
on the new Convalex 10. Specifically, the value of the major
component, A, is on the same order of 60% as in the 0S 124 sam-

pPles (Table 31). One explanation is that in use the Convalex 10
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is isomerizing and changing towards the 0S 124 composition. This
phenomenon was also noted in the gas chromatography curves from
earlier work (ref. 28).

6. Effect of Adding DC 704 to DC 705

The effect of the addition of light-end components was
evaluated by using DC 705 containing 1% DC 704 (Table 33). The
DC 704 did not increase the backstreaming (runs 232, 239, and
245) . Gas-chromatographic techniques, which evolved along with

the work below, showed that the deposits contained from 6.8 to
10.6 wt. % DC 704 (Table 34). A value of 10% is to be expected
from an equilibrium vaporization process that takes place at
200°C, where the vapor pressure of DC 704 and DC 705 are 3 x 107t
and 4 x 10~2 torr, respectively (Table 7).

A check on the ultraviolet absorbance method of analysis
was seen when the gas-chromatographic data (Figure 24) were con-
verted to weights of DC 705 and DC 704 (Table 35). The agreement
in two of three runs (runs 232 and 234) is considered an excel-
lent independent verification of the analytical method. Time
was not available to refine the method by tracer techniques.
The one disagreement (run 239) is perhaps a bad sample, since
there is considerable strange material coming out on top of the
benzene and before the DC 704 (Figure 24, sample 239). A small
amount of strange light-end material is found in every one of
these backstreaming samples (peak A, Figure 24).

7. Effect of Side-Stream Stripper

One run was performed with a side-stream stripper connected
to the o0il drain port to test its efficiency in removing the DC
704 from the DC 705 (Table 36). The maximum degree of concentra-
tion obtained here was only 1.95/1.26, or 1.6 times, whereas the
theoretical equilibrium vapor pressure ratio at 275° C is approxi-
mately 4 (Table 7). Presumably, more experience is required to
obtain satisfactory performance of this purifier. Under high
vacuum the vaporization process is more of a flash vaporization
than an equilibrium process. However, the process above the
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E. Baffle Performance

l. Optimum Conditions

* The overall performance of the baffles tested under optimum
conditions during the course of this program can be summarized
*
as follows. The right-angle elbow and BC-61 baffles gave the

4

— *
same low value of 1 x 10 mg/cmz, whereas the HN-6 was approx-

4 4

alembic should tend to approach an equilibrium vaporization.

imately 3 to 6 x 10~ mg/cmz, and the Cryosorb was 10 x 10~
mg/cmz. Under operating conditions that are less than optimum,

the right-angle elbow gives a much better overall performance.

The comparisons given below apply only to the tests under stan-

dard and optimum conditions.

A direct comparison of a BC-61 baffle was made with both
HN-6 and Cryosorb traps in order to ensure that the differences
were due only to the trap (Tables 37 and 38). The HN-6 consist—
ently gave backstreaming values of 7 to 14 x 10_4 mg/cm2 (runs
216 through 238) compared with 0.9 x 1074 mg/cm2 (run 210) when
replaced by the BC-61. It is interesting to note that oil mi-

gration along the warm sides of HN-6 (run 243) was not pronounced.

sponding value of 5.2 x 1074 mg/cm2 with warm sides (run 205).
The values for Cryosorb are 8 and 13 x lO_4 mg/cmz, compared
with 2 to 3 x 10"4
higher than the optimum value of 1 x lO"4 mg/cm2, which is usually
obtained with the BC-61 baffle.

The large backstreaming values obtained with the Cryosorb

mg/cm2 for the BC-61. The latter values are

baffle were quite unexpected, since this baffle appears to be
exceptionally well-designed. Because of these results, the
baffle construction was carefully examined. The large values
appear to be due to revaporization of oil from the ends of the
plates that cover the central cooled baffle section located di-
rectly above the pump opening. The bottom plate is always

*
Baffle was operated with cooled walls
T RESEARCH INSTITUTE
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covered with a massive amount of oil. The periphery cover
plates, both top and bottom, can presumably run warm. Conse-
quently, the oil on the bottom cover plate can flow around edges
and see the edges of the top plate. Since the latter oil is
warm, it can backstream through the baffle. This explanation
should be evaluated by operating a baffle without the shield
pPlates over and under the center baffle to determine whether an

4

optimum performance of 1 x 10~ mg/cm2 or less can be obtained.

2. O0il Migration

The major cause of poor performance of the traps under less
than optimum conditions was undoubtedly due to what can be
termed oil migration. One definition of oil migration is move-
ment of oil along relatively warm surfaces by revaporization or
by wetting. Revaporization does not require a continuous path
and is a more usual cause of migration than that due to surface
wetting. This phenomenon is discussed in detail in Section IVF.
The data are summarized into Table 39 to illustrate this pheno-
memon as related to baffles only under essentially optimum con-
ditions.

The right-angle elbow and BC-61 baffles with pentaphenyl
ether give essentially the same increase in deposit weight be-
cause of warm sides, the values being 5 x 10—4 mg/cm2 for runs
147 and 205 and 1.9 x 10_4 mg/cm2 for run 109. There is very
little difference in the performance of the HN-6 with and with-
out cooled sides; the values are 10 and 7 x 10_4 mg/cmz, res-—
pectively. Fundamentally, migration should be rate dependent;
however, the rate values show no apparent correlation.

One determination was made on a BC-61 baffle with DC 705
but without a bakeout of the collection plate prior to starting
the run. Comparison of runs 108 and 98 shows that the deposit

4 mg/cm2 when cold and warm sides,

increased from 6.5 to 10 x 10~
respectively, were used.
3. Structural Integrity

Structural defects were found in the first HN-6 baffle
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tested. Final performance tests on Station 4 with the BC-61
baffle from Station 1 indicated that this BC-61 was also de-
fective. These small leaks(at system pressures of 1 x 10_8 torr)
are extremely difficult to detect. If liquid nitrogen coolant
had been used in the baffles, there would have been no effect on
contamination level since backstreaming was not affected by
small pulsed leaks on the fine side. Organic refrigerants, as
employed here, can lead to problems since such compounds are
unstable at the temperatures in the boilers.

In Station 1, which employed a probably defective BC-61
baffle for over 1 year on a pump using pentaphenyl ether, op-

4 mg/cm2 were obtained.

timum backstreaming values of 1 x 10~
Station 3 with a defective HN-6 was found to give a value of

10 x 1074 mg/cmz, which in final tests was the optimum value for
this trap. It can be concluded that these defects and the small
leaks of methanol into the system had no effect on the back-
streaming values. High backstreaming values obtained in Station 3
during some of these tests due to catalytic effects are dis-

cussed later.

F. Operating Procedures

A list of standard operating conditions has been presented
(Table 18). The amount of backstreaming oil is directly related

an important part of the results.
1. Conditioning

|
|
|
to operating procedure, and as such, these procedures constitute
Conditioning is an indefinite term and is used here to
describe the operation of a system for some period prior to its |
|
actual use to allow the contaminants present to purge themselves. |
It is often considered good practice to allow a system to idle
when it is not being used for specific tests in order to improve
or maintain the condition of the oil.
The data (Table 40) show the decrease in backstreaming

during a normal conditioning period. This conditioning period
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is related to the cleanliness of both the system and the oil,
and although it is a well known phenomenon, it is not well char-
acterized. Throughout the program (with the exceptions dis-
cussed below), the first few runs produced large backstreaming
values that were time dependent. These data are not presented
since there are usually other factors that render analysis dif-
ficult. Obviously, various operating procedures can cause a
system to become and remain '"unconditioned."

In the beginning of the program the four clean and con-

ditioned systems from a previous program (ref. 28) gave large

backstreaming values. These systems refused to condition for

an extended period. Although new test heads were used in some
stations and may have contributed to the excessive backstreaming
contamination, the change to a -75°F cooling system combined
with excessive moisture condensation on cold test heads during
sampling was the major cause. This is discussed below together
with the failure of systems to condition due to catalytic oil
degradation.

The data from the previous work (ref. 28 and 29) that show
the conditioning phenomena are confined to Stations 4 and 5, which
employed right-angle elbow baffles,in order to eliminate oil
migration effect. Much of the data, although obtained with
room-temperature baffles and collection plates, definitely show
the effect of a conditioning period. DC 705 in Station 4 de-
creased from 30 x 10~° mg/cmz—min after 168 hr (31 days) of
use to 0.1 x 10°°
mained constant. OS 124 decreased from 0.4 x 10~

mg/cmz—min in 255 hr (49 days) and then re-
6 mg/cmz—min
at 193 hr to 0.02 x 10~° mg/cmz—min in 360 hr, whereas Conva-
lex 10 was 0.04 x 10_6 mg/cmz-min at 408 hr and continuously
decreased to 0.003 x 10~°

have been under optimum conditions and rate independent.

mg/cmz—min. The latter decrease may

Recent work with Convalex 10 in Station 3 gave 5 x 10‘4 |

mg/cm2 in the first run with warm baffle walls and 0.9 x 10'4
mg/cm2 in the second run with cold baffle walls. The better
performance for Convalex 10 is to be expected since this material
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is subjected to a proprietary treatment for conditioning. One
run (Station 5, last run) with a fresh charge of 0S 124 showed
that there is no essential difference in the two pentaphenyl
ethers after conditioning. The long conditioning period of 2
months used for OS 124 in this run was due to press of other
work and presumably a shorter period on the order of two weeks
would be satisfactory.

The original DC 705 oil was obtained as XF 4770, and its
experimental production may be responsible for its pronounced
backstreaming and longer conditioning period than the penta-
phenyl ether. The latest batch of DC 705 used in Station 2
showed absolutely no need of a conditioning period and gave
1l x 10_4 mg/cm2 on its first test run. This oil charge was
made up with 1% DC 704. However, the same most recent lot of
DC 705 when used in Station 4 only conditioned below 10 x 10_4
mg/cm2 in the last three runs (run 237, Table 27).

The actual factors related to conditioning were not exper-
imentally demonstrated. It does appear that the pump, o0il, and
baffle combinations tested here should condition to optimum
backstreaming values in a matter of 2 to 4 weeks. If a system
does not condition within 2 weeks, the best procedure is to
clean and recharge the system with fresh oil. Obviously, any

one of many factors discussed below can prevent conditioning.

2. Data on Start-up Heat Input
Data (Table 41, runs 93, 95, and 96) on Station 5 using
Convalex 10 without bakeout of the collection plate at the start

of a run indicated the start-up deposit was minimal when 50%

of rated heat input was used for 1-1/2 hr in starting up the
diffusion pump. An adequate bakeout procedure should remove

all the oil deposit caused by start-up effects. While even after
such bakeouts measurable deposits were present, start-up with
50% of rated heat input was adopted as a standard procedure.

This involved very little extra effort, and the pump performance,
as indicated by the system pressure, was not noticeably affected.
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A minimum deposit of 2 x 1074 mg/cm2 (Table 41, Runs 93
and 96) was obtained with 50% rated heat during startup and
3 x 10™* and 4 x 107* mg/cn? for 25 and 100% rated heat (runs
95, 88, and 89) on startup. The data for run 92 were incon-
sistent; with two startups at 100% heat input and with the oil
exposed to 1072 torr on shutdown, the deposit weight did not
double. If the effect is related to the amount of dissolved
gas in the oil, this inconsistency could be due to the exposure
to the low fore pressure between start ups.

The results for Station 1, with 50% rated heat, showed the
same type of effect in three runs (runs 103, 117, and 152) where
values of 1 to 2 x 10-4 mg/cm2 were obtained compared with
4 x 1074 mg/cm2 for 100% rated heat (run 100). The effect of
0il migration along the uncooled sides of the baffle (runs 100,
103, and 113) may be partially responsible for the differences,
although oil migration effects are minimal for pentaphenyl ether.

The backstreaming values for DC 705 in Station 2 were higher
than those for pentaphenyl ether, and there is no apparent effect
of heat input. The one run with three startups (run 112) and
intermediate exposure to 700 torr nitrogen pressure showed ab-
solutely no effect. These data, with the exception of run 153,
were uncorrected and are probably high by 1 to 2 x 10_4 mg/cm2
because of the analytical blank.

It can be concluded that DC 705 gives a slightly higher
deposit on startup than pentaphenyl ether. Pentaphenyl ether
gives a minimum value with 50% heat input on startup. The data
for multiple startup indicated no increase in the amount of de-
pPosit; this is an inconsistency, since the multiple startups
with air exposure are essentially equivalent to opening the sys-
tem for sample removal except for the solvent wash treatment.
The larger startup deposits for DC 705 may be related to the
greater amount of light ends in the oil, as shown by the runs
without wall cooling. (runs 98 and 101).

3. Shutdown Procedure
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In the initial runs of this program using -75°F cooling

with clean and conditioned systems backstreaming values 10 times
greater than those in the original study were obtained (ref. 28).
During the first 24 to 48 hr of these runs, very sharp and re-
gular pressure pulses occurred every few seconds. The pulses
went into the lO"7 torr region, whereas the average system pres-
sure (room temperature) was in the 10"8 torr region. These pulses
decreased in period and intensity with run time. This phenomenon
was almost entirely absent in systems with the right-angle elbow.
This type of pulsing could only be eliminated by allowing the
baffle to reach room temperature, flooding the system with dry
nitrogen, rapidly removing the sample, and starting up. Our pre-
vious method of flooding with nitrogen, removing the collection
plate, and then rinsing off the plate while still cold did not
prevent some internal ice formation. Later, the low temperature
Plus moisture was the entire cause, and appreciable exposurge to
ambient air with the system at room temperature did not give this

4 2
mg/cm® were

effect. Optimum backstreaming deposits of 1 x 10~
readily obtainable with ordinary precautions even with appreci-
able exposure to ambient air if sampling was preceded by an 18-hr
warm-up period.

This type of pulsing phenomenon is readily distingquishable
from that due to leaks, catalytic degradation, light ends, etc.,
by the rapid decrease in the pulse period and intensity over a

run period of a few hours.

4. Bakeout

In order to eliminate start-up effects, standard conditions
were adopted that involved a bakeout period of 18 hr with atmos-
pheric steam at 212°F. The data (Table 42) indicated that there
is usually a deposit even at zero run time after an 18-hr bake-
out at 212°F. The values are close to 1 x lO—4 mg/cm2 for penta-
phenyl ether (run 139) and 2 x 10_4 mg/cm2 for DC 705 (run 137).
A bakeout temperature of 470°F reduced pentaphenyl ether to es-

sentially zero (run 151) whereas the value for DC 705 remained
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unchanged at 2 x 10~% mg/cm® (runs 142 and 143).

The values for the deposits after bakeout at 212°F for both
pentaphenyl ether and DC 705 appear to be relatively independent
of run time; they varied from 0 to 293 hr. The values of penta-
phenyl ether were close to 1 x 10"4 mg/cmz, whereas DC 705 values

were close to 2 x 10"4

mg/cm2. Variations such as in run 165
(Station 5), which gives a net value 0.3 x 10—4 mg/cmz, are to
be expected because of the accuracy of the analytical method.
By taking these variations into account, the bakeout procedure
of 212°F is obviously lowering the deposit for pentaphenyl ether
from>1 x 10—4 mg/cm:2 (runs 114 and 152) and for DC 705 from
6 x 107% mg/cm2 (runs 104, 107, and 108). However, one experi-
ment (Station 4) with a seeded plate containing a massive deposit
of 25 x 10"4 mg/cm2 contained 20 x 10_4 mg/cm2 after baking out
at 212°F for 18 hr. The vapor pressure of DC 705 at 212°F is
fVlO-4 torr; thus the o0il should have vaporized in 18 hr. Ob-
viously, the failure to vaporize any appreciable amount in this
case must be due to an oil vapor pressure considerably under the
equilibrium value (superheating phenomena).

It can be concluded that a bakeout of 212°F usually lowers
the deposits of pentaphenyl ether and DC 705 to 1 and 2 x 10-4
mg/cmz, respectively. Bakeout at 212°F is not a reliable proce-
dure, however, since conditions are ideal for the superheated
liquid to exist for extended periods. It appears that the
1 and 2 x 10—4 mg/cm2 (1 to 2 monolayers) of pentaphenyl ether
and DC 705, respectively, are not removed at 212°F and that such
monolayers are removed at 470°F in the case of pentaphenyl ether
and not DC 705. These data are generally uncorrected for analy-
tical blank in the case of DC 705 and therefore subject to a

slight uncertainity.

S. Cooling of Baffle Walls
The effect of oil migration, that is, the travel of oil

vapor along the warm walls of the baffles, is shown in Tables 43
and 44. Cooling the sides of the BC-61 baffle reduced the deposit
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from 2 x 10”4 mg/cm? (runs 103 and 109) to 1 x 10-% mg/cm?

(runs 117, 121, 152, 160, 202, and 208) for pentaphenyl ether and
from 18 to 19 x 10—4 mg/cm2 (runs 98 and 101) to 6.5 x 10'4 mg/cm2
(runs 108, 149, 161, and 181) for DC 705. There is no appreciable
effect of side cooling on the HN-6 baffle when pentaphenyl ether
is used; 7 to 10 x 10-4 mg/cm2 is obtained in any case (runs 243,
233, and 238). It does not appear that this migration effect is
directly related to the amount of light ends present, since a
light-end run with pentaphenyl ether gave 44 x 10—4 mg/cm2 (run
146) and a light-end run with DC 705 gave 52 x 10—4 mg/cm2 (run
234).

It is interesting to observe the value of 5 x 10_4 mg/cm2
~for light ends with the right-angle elbow (run 147). This value
is very similar to the value obtained with BC-61 when warm sides
were used (runs 100, 103, 109, and 113). A light end run with a
right-angle elbow with room-temperature walls should be equiva-
lent to a run with a baffle with room-temperature walls and is a
measure of oil migration. The right-angle elbow should permit a
much greater amount of oil migration if the mechanism is primar-
ily revaporization of o0il molecules. Considerably less than 25%
of the molecules hit the room-temperature (warm) walls of the
BC-61 baffle, compared with 100% for the right-angle elbow.

6. Trap Temperature

By using our standard backstreaming run conditions, Stations
1, 2, 3, and 5 were operated with baffle temperatures of -22 and
~75°F (Table 45). There was no apparent change in backstreaming
in this temperature range. The variations in the values for Sta-
tion 2 were due to the variations in the analytical blank. It
would appear from these constant deposit values of 1 x 10—4 mg/cmz,
which are independent with time, that the sticking coefficient for
pump oil is essentially unity and independent of temperature under
these conditions.

Other factors related to trap temperature that occurred
should be considered. Station 3 with a HN-6 baffle and Station 4
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with a right-angle elbow gave high, time-dependent deposits when
the oil was presumably undergoing catalytic degradation. This
phenomenon implies that the sticking coefficient departed appre-
ciably from unity and that the temperature of -75°F was not ef-
fective in trapping backstreaming material.

Only short-term tests were performed with liquid nitrogen
cooling of the baffle. Several tests were performed on Station 4
with the Cryosorb baffle (Table 46). There was no radical dif-
ference in the results with liquid nitrogen (runs 155, 159, 1963)
from those of -75°F (runs 231 and 236). The higher values at
-75°F (runs 176 and 187) are probably due to contamination fol-
lowing the light-end run (run 168).

7. Leaks

The effect of leaks in the fine and rough side was eval-
uated (Table 47 and 48). The admission of oxygen into the fine
vacuum side of a station employing Convalex 10 had no effect on
the amount of backstreaming oil deposit; the value was 0.7 x 10_4
mg/cm2 over a run period of 290 hr (Table 47). A small leak of
air into the fore-line (59/4) had no effect, but a large fore-
line leak (run 222) with a fore-line pressure of 0.4 torr caused
pulsed pressure readings in the fine vacuum and an oil deposit
of 19 x 10—4 mg/cm2 during a run of 146 hr (Table 48). The oil
deposit is probably due to unstable pumping action, which caused
some of the condensed mist in the vapor space around the jet
stack to be ejected through the baffle.

8. Fore Pressure and Fore Pump

Optimum backstreaming values of 1 x 10_'4 mg/cm2 can be ob-
tained routinely over extended periods with fore pressures of
1072 torr. No contamination from the mechanical system was
detected. No specific tests were made for this oil; however,

' experience with a similar oil indicated such contamination would

be accompanied by unsaturated hydrocarbons, which, in turn, would

result in large and inconsistent ultraviolet values. The vacuum
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systems were normally operated with small fore-line leaks and
ballasted mechanical pumps and should be completely free of oil
migration.

The use of a diffusion pump in the fore-line is often re—
commended for two reasons: prevention of contamination by me-
chanical pump oil, and removal of light-end contamination from
the main diffusion-pump oil. The latter was tested for Station 3
before it was known the HN-6 baffle was defective. The tests
showed a direct influence of fore-line pressure on the period of
hydrogen bursts. However, no correlation with backstreaming mea-

surements was attempted.

G. Mass Spectrometer Studies

1. Gaseous Backstreaming

The use of a mass spectrometer with gas injection is a well-
known technique for studying the operation of diffusion pumps.
This technique can be developed sufficiently to permit rapid and
sensitive measurements of backstreaming phenomena. Here, back-
streaming is used to signify the movement of any material, in-
cluding gases such as hydrogen, backwards through the pump. It
is more common to consider the effect with hydrogen as a measure
of pump efficiency rather than a backstreaming phenomenon. The
objective of these experiments was to study hydrogen backstreaming
and attempt to relate it to the mechanism involved in the back-
streaming of the heavier components.

There are two main mechanisms by which material can move
backward through a diffusion pump. One involves direct flow
through the vapor jet countercurrent to the gases being pumped.
The second involves solution of the gases in the condensing pump
0il and reissue through the jets together with the oil vapor.
This material then curves around and up due to the random motion
that exists in these jet streams. The classical form of a frac-
tionating diffusion pump employs a compartmented boiler so that

the vaporizing oil furnishes vapor from lower to higher jets
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consecutively. Some recently designed pumps subject the con-
densed 0il to a hot-wall section prior to its reentry into the
boiler. This type of operation is presumed to remove the light
ends before the liquid o0il reaches the boiler.

The modern oils with excellent stability and very small
amounts of light ends from oil degradation have decreased the
need for the fractionating design. Such designs are usually
based on relatively short-term tests and the results can be quite
different in long-term usage. It is probably that continuous
liquid nitrogen cooling of the baffle could delay the appearance
of light ends by freezing them out throughout any extended test
period.

2. Mechanism Studies

The rate of appearance of gases in the test head, as moni-
tored by the mass spectrometer and an oscilloscope, should de-
pend upon the mechanism of backstreaming and the point of gas
injection. Thus, gas diffusion through the top jet itself should
be practically instantaneous, whereas backstreaming via solution
in the oil and out with the vapor stream should involve appre-
ciable time, probably seconds. The experimental problem is com-
plicated by the nature of gases, since different species have
different degrees of oil solubilities, and since there is an
interplay of concentration streams due to the different fraction-
ating processes in the pump as well as effects due to the location
of the leak.

The purpose of the initial experiments was to observe whether
any significant differences could be observed when hydrogen, he-
lium, or air was injected into the vapors just below the top jet
or into the liquid o0il outside of the bottom of the jet stack.

In all of these experiments, the gas entered in pulses that were
extremely reproducible for a given leak setting and a given gas.
The usual phenomenon consisted of a quiescent period of 3 to

10 sec with a constant low gas (sometimes zero) concentration
followed by a large pulse and then series of gradually diminishing
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pulses at fairly uniform periods. No visual differences in the
oscillographs could be detected in any series of experiments.
The series of diminishing peaks indicates the absence of solu-
bility effects that would not only change the period but also
smooth them out.

These experiments were conducted at high leak rates so that
they could be observed on the oscilloscope. Consequently, the
effects at lower pressures could be completely masked by the mag-
nitude of the leak. A more satisfactory scheme would involve the
use of a carrier gas containing several components of interest.
The study of relative changes would eliminate the time element
and permit differences to be detected at low partial pressures.

The values of the overall compressibility factors for se-
lected runs of helium and hydrogen are given in Table 49. Ar-
bitrary judgement is involved in selecting the average value
since most of the readings are pulsing to some extent. The
values cited are presumably within 75% of the average value. The
data are presently too limited for any definitive conclusions to
be drawn. However, a plot (Figure 25) of the compressibility
factors* versus the rates (abcissa changed to give rough equiv-
alence in leak rates) show similar changes for both helium and
hydrogen except for the initial value of the hydrogen at leak 3
(into the liquid oil at bottom outside jet stack).

3. Partial Pressure Analyses versus Backstreaming

Backstreaming could not be predicted by monitoring the high
vacuum for heavy mass peaks. This is to be expected because of
the random and nonhomogeneous nature of backstreaming in baffled
Systems. Moreover, contaminated surfaces would not be expected
to consistently exert equilibrium vapor pressure, as the bakeout
data has shown.

Mass spectrometry curves are given for Stations 3 and 5 with
polyphenyl ether and -75°F baffles with either room-temperature

*
Also called ultimate pressure ratio.
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or -75°F collection plates (Figures 21, C, D, E, and 26). All

of the peaks above m/e = 50 are in the low 1071t amp region and
those above m/e = 60 are in the 10_12 amp region. Since -75°F
baffle has a pronounced effect on peak height and since benzene
has a vapor pressure of 10_4 at -75°F, these peaks must all be
due to high-molecular-weight species. The measured sensitivities
for benzene, 0.00001 and 0.006 amp/torr (Table 23), for small and
large magnets, respectively, indicated that an appreciable amount
of benzene molecules must be present before they show up on the
partial pressure analyzer.

The values for backstreaming deposit and light ends for these
stations were extremely high (17 to 300 x 10'4 mg/cm2) compared
with our usual values of 1 and 5 x lO_4 mg/cm2, for these baffles.
It is not easy to make obvious comparisons since the backstreaming
here is a time-dependent value. It does appear, however, that the
large deposits and the high rate ( 1 x 107% mg/cmz—min) are below
the limiting sensitivity range of the partial pressure analyzer.

No measurements were made on DC 705 since it is doubtful
whether effective bakeout procedures can be employed to clean up
the mass spectrometer tube or the test head. Bakeout data that
indicate contamination even after bakeout at 212 and 470°F have
been presented. In a parallel program (ref. 30) a Schueman gauge,
which has large metal surfaces, was exposed to DC 705 and then
baked for 7 days at 500°C but it still showed surface contam-

ination. Hablanian has presented mass-spectrometric data

-11 10

(ref. 20) that show numerous peak values in the 10 to 10~ amp
range for m/e values of 65 to 80 for DC 705 when an unbaked system
with liquid nitrogen trapping is used. His data were presumably
obtained with the small magnet and with a benzene sensitivity of
0.0001 amp/torr (by our measurements, Table 23). The back-

streaming value in Hablanian's 524-hr run was 0.07 x 10_6

4 mg/cmz. Bryant and

mg/cmz—min, which is equal to 22 x 10~
Gosselin in their original work (ref. 4, Figure 15), presumably

using a small magnet and a small DC 705 system and 500°C bakeout,
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show values of m/e = 78 with room-temperature zeolite and cold
zeolite trapping. These values are compared with our mass spec-
trometer readings for pentaphenyl ether in Table 50. During

the mass-spectrometric tests, backstreaming values of 1 x 107

4 mg/cmz) were obtained.

mg/cmz-min in 100-hr runs (60 x 10~
These very large values are suspect. They may be due either to
the air leaks or more probably to upsets from experimental mani-
pulations.

It can be concluded that the mass spectrometer gives a
lower reading for m/e = 78 on pentaphenyl ether than the pub-
lished DC 705 data, even when considerable backstreaming de-
posits have occurred.

Recently, Craig and Harden (ref. 9) obtained complete spec-
tral data on many pump oils, including pentaphenyl ether and
DC 705, at 170°C by using a high-resolution mass spectrometer.
Their data show that with pentaphenyl ether, the frequency of
mass 77 is 80% of the main mass peak of 446, whereas with DC 705
the masses below 100 are only 5% of the main peak at 531. These
data indicate DC 705 contamination, as evidenced by the mass
78 + 3 peaks, should be 1/16 as pronounced as with pentaphenyl
ether for the same amount of contamination.

4. Sensitivity Measurements

A series of mass-spectrometric sensitivity measurements was
made for helium over a period of several months (Table 51). The
results are very reproducible on each day (within 20%) except
when the leak rate is so low that the system pressure differ-
ences do not give a reliable reading of the leak gas pressure.
However, the sensitivity changed radically from day to day. 1In
later experiments, reproducible sensitivities between 0.011 and
0.019 amp/torr were obtained.

Sensitivities were also determined for a number of other
gases over a period of months and for various experimental con-
ditions (Table 52). Sensitivities for nitrogen and oxygen were

determined by both direct and indirect comparison with the
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Bayard-Alpert gauge. Values for water, methanol, and benzene
were determined by indirect comparison. Sensitivities for ni-
trogen varied from 0.045 to 0.17 amp/torr, for oxygen from

0.008 to 0.13 amp/torr, and for water from 0.07 to 0.28 amp/torr.
In general, the values for the small magnet are lower than those
for the large magnet. Comparison of sensitivities measured on
the same day showed that changing the magnet changes sensitivity
by a factor of two for masses 28 and 32. The effect was even
greater for benzene (mass 78), for which the sensitivity is
0.00001 amp/torr with the small magnet and 0.003 to 0.022 amp/torr
with the large magnet.

In view of the importance that has been attached to the pre-
sence of m/e = 78 measurements in diffusion pump systems, data
for a known mixture of benzene in air are given (Figure 27 and
Table 51). The mass-spectrometric values were individually sur-
veyed by manually controlling the actual m/e values, and only
the values shown were surveyed. The values were checked several
times over a period of several days; sensitivities varied from
0.003 to 0.016 amp/torr (Table 52). The agreement with APl
values seems quite good. The most important result of the data

is the low sensitivity values obtained.
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Under optimum conditions, no detectable deposit

(<1 x 10_4 mg/cmz, <1 monolayer) is formed after the bakeout

Optimum conditions with no detectable deposit increase could
be obtained routinely with either pump, all 3 oils, and 2

A monolayer deposited during startup and bakeout is not re-
moved by 212°F bakeout but is removed by the solvent wash

The ultraviolet analytical method was demonstrated to be de-
finitive to 1 monolayer (1 x 10_4 mg/cmz) by check methods

involving seeding, weight, and gas chromatography.

A gas-chromatographic method developed for DC 705 is suitable
for 0.1 monolayers and for defining components such as DC 704

No differences were found in the performance of the two
pumps, CVC-PMC-1440A and NRC HS6-1500.

The performance of three oils, DC 705, Convalex 10, and

OS 124, was the same under optimum conditions.

DC 705 showed no visual signs of degradation in several years

Pentaphenyl ether formed dark deposits on external surfaces
after several years, but the slight degree of these deposits

would permit many more years of operation.

Both DC 705 and pentaphenyl ether appeared to undergo auto-
catalytic degradation, which was accompanied by large back-
streaming values. The cause and cure are not known. The

only effective solution is thorough cleaning and oil change.

V. Summary of Results
1.
period in runs up to 544 hr.
2.
out of 4 baffles.
3.
during analysis.
4.
5.
down to 1%.
6.
7.
8.
of continuous use.
9.
10.
11.

The effect of extensive air leakage on the stability of penta-
pPhenyl ether was found to be transient and rapidly
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12.

13.

14.

15.

16.

17.

18.

1e.

self-corrective upon removal of the leak.

The phenomenon of explosive revaporization can be used to
explain the usually superior performance of pentaphenyl ether
versus DC 705 and right-angle elbow versus BC-61.

There was no performance difference found between the two
pentaphenyl ether fluids, Convalex 10 and OS 124. After ex—
tensive use Convalex 10 gave a gas chromatogram similar to
that of OS 124.

The optimum performance of DC 705 with the added light-end
component DC 704 was 1 x 10—4 mg/cmz, which is the same with-
out this component. A side-stream stripper had no apparent

effect on removing this light end.

Under optimum conditions, the two baffles, right-angle elbow
and BC-61, gave the same low value of 1 x 1074 mg/cmz. HN-6
gave 6 x 1074 mg/cmz, and the Cryosorb baffle, 10 x 10_4mg/cm%

A major cause of poor baffle performance is movement of oil

along relatively warm walls by vaporization or wetting.

Oil migration occurs along the warm walls of the BC-61 baf—
fle; the values are 2 to 4 x 10_4 mg/cm2 over the optimum
for pentaphenyl ether and approximately 12 x 10_4 mg/cm2 for
DC 705. The oils have essentially the same amount of light

ends, 44 and 52 x 10—4 mg/cmz, respectively.

For optimum performance the BC-61 baffle requires wall

cooling to eliminate o0il migration.

Under most conditions, right-angle elbow gave better per-
formance than the HN-6, probably because it offers less op-
portunity for explosive revaporization. The right-angle
elbow with warm walls gave the same value as the BC-61 with

4 mg/cmz. However, the equivalent oper-

warm walls,A/5 x 10~
ation, BC-61 with no cooling, resulted in values of 20 to
100 x 1074 mg/cmz.
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20.

21.

22,

23,

24.

25.

26.

27.

The HN-6 baffle showed no pronounced oil migration effects,
and its backstreaming with and without cooled sides was
greater than the BC-61 with room-temperature walls: 7 to
12 x lO"4
pectively.

mg/cm2 compared with 2 to 5 x lO"4 mg/cm2, res-

The Cryosorb baffle gave the poorest performance
(10 x 10"4
vaporization from the warm reriphery of the bottom cover

mg/cmz) in these tests, presumably because of

plate, which is over the central liquid nitrogen baffle.

A conditioning period of 2 to 4 weeks was often required for
a system to purge itself of contamination and give optimum
backstreaming values of 1 x 10_4 mg/cmz. In two instances,
fresh DC 705 and Convalex 10 did not require a conditioning
period.

A programmed rate of 50 and 100% of rated heat input was us-
ually found to give minimum backstreaming on startup for
pentaphenyl ether.

Multiple startups with intermediate exposure to atmospheric
air gave the same value as a single startup. This anomalous

result cannot be explained.

The presence of excessive moisture due to sampling with the
baffle still cold resulted in large backstreaming values.
The pulse phenomenon in gauge readings indicated that ex-

Plosive vaporization was probably involved.

A bakeout procedure of 212°F will usually limit startup de-
pPosits to 1 x 10—4 mg/cmz. The absorbed material can be re-
moved at 470°F in the case of pentaphenyl ether but not

DC 705. With DC 705, massive oil deposits of 25 x 10_4mg/cm2
produced by seeding and subjected to 18 hr at 212°F, resulted
in a residual of 20 x 10~% mg/cmz.

Trap temperatures varying from -27° to -75°F gave the same

optimum performance values.
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28.

29,

30.

31.

32.

33.

The effect of leaks in the fine side, such as air, oxygen,

and moisture, with system pressures from 10~° to 10 8torr(P

resulted in the same optimum value of 1 x 107 mg/cm as

under standard conditions.

pentaphenyl ether showed a transient presence of degradation

products.

Mass-spectrometric studies with

Leaks in the fore line, with a fore pressure of 0.4 torr,

increased the backstreaming values to 19 x 10~ -4 mg/cm”.

2

Pulsing fine-pressure readings indicated that unstable

pumping action of the jets was responsible,

The use of an untrapped fore line with leaks at 1 to

30 x lO"3 torr and a ballasted mechanical pump gave routine

optimum backstreaming values of 1 x 10~

mg/cmz. There was

no evidence of contamination by mechanical pump oil.

Use of low 10"5(PRT) fore pressuress had no effect on a

station that gave high backstreaming values of 19 x 10-4

mg/cmz. These high values were probably due to autocatylic

degradation as shown by the periodic hydrogen bursts that

occurred.

A study of gaseous backstreaming with mass spectrometry by

employing gas injections of hydrogen, helium, and air in

various locations within the pump showed no significant

differences.

Mass-spectrometric measurements indicated no backstreaming

contamination with pentaphenyl ether systems. The mass—

Spectrometric sensitivity values for different gases varied
from day to day, up to 10 times, in an unpredictable manner.

The values for benzene were 0.00001 and 0.003 amp/torr for

the small and large magnets, respectively.
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PART B. BACKSTREAMING FROM TURBOMOLECULAR PUMPS

I. INTRODUCTION

The recently developed turbomolecular vacuum pump (ref. 3)
is receiving considerable attention from workers in the high-
vacuum field. Invariably, the users are interested in the
ability of this untrapped pump to operate without introducing
contamination in the vacuum space by backstreaming of the lubri-
cation oil. Consequently, the objective of the second phase
of this program was to evaluate the backstreaming contamination
in these devices as received and, after bakeout, to determine
the influence of shut-down and start-up procedures.

The results indicate that deposits are less than 1 mono-
layer. However, considerable amounts of vapor-phase heavy ends
were found in the vacuum chamber by mass-spectrometric measure-
ments. The measured values of the deposits are not as well char-
acterized as in the diffusion-pump studies. 0il degradation
products from the lubricating process that are believed to be
present influenced the ultraviolet measurements in a variable
and unpredictable manner and necessitated the development of a

N

gas-chromatographic technique.

IT. TECHNICAL DISCUSSION

The operation of the turbomolecular pump is similar to
that of a turbocompressor, in which the gas is compressed by al-
ternate rows of rotor and stator sections. Pumping action is
effected when the peripheral speed is faster than the gaseous
molecular velocities. By the correct choice of blade angles,
this pump is able to utilize clearances on the order of 1 mm
between the stator and rotor. The feasibility of using these
large clearances has made it possible to design a practical
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pump. Molecular pumps with a 0.02 mm clearance were described
fifty years ago (ref. 17).

All molecular pumps are reputed to give clean vacuums. This
should follow since the pumping efficiency increases with the
molecular weight of the gas. The reported compression ratios
(ref. 3) for the turbomolecular pump are: hydrogen, 250; deuter-
ium, 2400; air, 1.5 x 107; Freon-12, (molecular weight = 158)
>8 x 108. The pumping speeds, however, vary in the opposite
direction: 600, 500, and 250 m3/hr for hydrogen, air, and Freon-12,
respectively, in a pump with a 170-mm-diameter rotor. "Mechanical"
contamination by the lubricating oil is avoided by placing the in-
let port in the center and pumping symmetrically to either end.
Thus the bearings are exposed to the fore-pressure system only.
However, on shutdown or startup there is a period of 10 to 20 min,
before the turbomolecular pump is up to speed, during which the
forepump can lower the pressure below the vapor pressure of the
oil. There is also the possibility that the oil will froth at a
much higher pressure because of dissolved gases. This situation
is avoided by maintaining the fore-line pressure above 1 torr

until the turbomolecular pump is up to speed.

ITI. EXPERIMENTAL WORK

A. Test Stations

The turbomolecular pumps were supplied by the Welch Scien-
tific Company as a complete unit (Table 54 and Figures 28 and 29).
These pumps were used without any failsafe instrumentation. The
perforated insert for the pump inlet was not used. The fore line
was provided with a '"christmas tree" (same as fore line in dif-
fusion pump system) to allow gauging and pressure control on start-
up. A different test head was employed (Figure 30) that combined
all of the functions of collection plate and test spool used in
the diffusion-pump test stations. The test head allowed the use

of dry, double O-ring seals throughout. In the last runs, one
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turbomolecular station was supplied with a BC-61 baffle, which

was used at room temperature, -75°F, and liquid nitrogen temper-
ature, during the mass-spectrometric tests. Provision was made

so that any desired gas could be leaked into the fine or fore side.
Control was obtained with Granville Phillips variable leak valves.

B. Procedures

The majority of experimental procedures concerned with oil
diffusion pumps is applicable to the work with turbomolecular
pumps. The following section describes the significant differ-
ences.

l. Standard Conditions

A fundamental phase of the program was to evaluate the turbo-
molecular in as-received and baked-out conditions for optimum op-
eration. Table 55 lists the recommended run procedure, which
should give minimum possibility of contamination due to the vol-
atility of the lubrication oil. Test procedures that were varied
for conditions of no bleed, bakeout, or back flush are discussed
in Section IVD.

The fore-line pressure is critical to the turbomolecular
pumping speed (Table 56). The system pressure decreased imme—
diately when the leak rate was lowered; thus the turbomolecular
pump was pumping against the resistance of the leak. We also in-
creased the fore-line leak and noted the fine pressure rise as the
leak increased. The critical fore-line pressure appeared to be

1.01 mm Hg. Above this pressure the fine vacuum pressure went to
about 8 x 10~ torr.

2. Analytical Techniques

Techniques very similar to those for DC 705 and pentaphenyl
ether were used throughout these studies. The ultraviolet tech-
nique, though suitable for unused or bulk turbomolecular oils,
proved completely unsatisfactory for the oil deposit and neces-
sitated the development and use of gas-chromatographic techniques.
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3. Solvent Treatment of Collection Plates

This procedure was identical to that used for the diffusion-

pump study except isooctane was used as the solvent instead of
methanol.

4. Ultraviolet Absorbance

This procedure was identical to that used in the diffusion-
pump study except a 2-cm cell path was used instead of the l-cm
path for all but the initial calibration measurements. Calibration
data (Table 57) gave a slope of 0.516 in concentration versus ab-
sorbance units measured at a wavelength of 252 gyﬁ The amount of
oil was calculated from:

W = V mA.U.

W = total weight of o0il on collection plate, mg
\ = total volume of rinse sample, ml

m = slope of calibration curve 0.516 (2-cm cell)

mg of oil/ml/A.U.

A.U. = absorbance unit determined in the Cary model 14
spectrophotometer at 352 wavelength for
turbomolecular pump oil dissolved in isococtane.

Table 58 shows the accuracy of the ultraviolet analytical
methods by seeding. The last seeding experiment indicated that

2 x lO_4 mg/cm2 was not detectable by ultraviolet techniques.

5. Gas Chromatography

The use of gas chromatography to analyze the turbomolecular
deposit was necessitated by the large and random nature of the
ultraviolet analyses on run samples. The technique used for
DC 705 was employed for turbomolecular oil except the column and
injector port temperatures were 165 and 240°C, recspectively.

Fundamental gas-chromatographic data on turbomolecular pump
0il referred to hydrocarbon standards is given in Figures 31 and
32 and Tables 59 and 60. These samples were unused oils and were
not concentrated. The mixed components present in the oil did not
give a good base line. The recovery was only 7.6%, based on sen-

sitivities determined with pure hydrocarbons. In order to relate
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the above and subsequent results obtained with used turbomolecular
©0il, comparisons were made with unblended turbomolecular stock
(Mobil 113 stock). The curves (Figure 33) were identical. The
infrared spectra are compared in Figures 34 and 35.

The turbomolecular oil contains DC 200 as an antifoam agent.
The curve with added amounts of DC 200 at the standard temperature
of 165°C gave no strange peaks. However, the curve at 300°C
(Figure 36) showed that all of the peaks from DC 200 came out be-
fore C16 and thus cannot interfere with the analysis.

The reason for the effort on gas-chromatographic analysis was
the large and random nature of both the sample and the analytical
blank by ultraviolet, which generally gave impossibly high and/or
negative values (Table 61 and 62). These actual ultraviolet sam-—
pPles were used to establish the technique. Emphasis on DC 705/704
analysis by gas chromatography prevented further efforts in known
seeded samples.

The standardization values are given in Table 63. The run
data are given in Figures 37 through 40 and are compared in Table
64. All values are based on average readings on the two peaks
corresponding to C16 and C17' The reliability of these values is
indicated by the close agreement of the ratio to unity except for
run 214B. Note that the standard value is based on the weight of
oil. Therefore the values by gas chromatography are 100% relative
to the amount of o0il and arbitrarily correct the 7.6% recovery

(Table 60) to 100%. These data are discugsed further in Section IV.

At this point, it is sufficient to state that the low values by
gas-chromatography are consistent, and the ultraviolet values are
not, presumably because of the strange component that shows up

as Peak S in Figures 39 and 40.
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IV. RESULTS

A. Backstreaming Contamination under Standard Conditions

The backstreaming values determined by gas-chromatographic
? (Table 64, runs 201, 214,
and 215). The mass-spectographic curves indicated the presence

analyses were less than 1 x 10_4 mg/cm

of considerably more heavy mass peaks than were detected in oil-
diffusion-pump systems under optimum conditions, presumably be-
cause of cracked hydrocarbons resulting from the lubrication pro-
cess. These results were obtained in baked systems. Time was
not available to evaluate in depth the effect of operating pro-

cedures on these gaseous contaminants.

B. Validity of Measurements

The results of gas-chromatographic analyses were very con-
sistent (Table 64) and were probably an accurate measure of the
backstreaming deposit to within 1 x 10_4 mg/cmz. Since they were
only developed recently, they were not verified by seeding exper-
iments or by changes in operational procedures to a degree that
was desired.

The results of the many measurements by ultraviolet tech-
niques (Tables 61 and 62) were generally inconsistent. The mag-
nitude and variation in the analytical blank cannot occur with
turbomolecular oil per se, since the seeding tests (Table 58)
showed very high solvent efficiency in removing oil. Further-
more, any of the net deposits of 30 x lO—4 mg/cm2 and over (runs
189 and 201) should have been visually evident. Notice that an-
alytical blank B is often larger than blank A. A series of five
blanks (run 241) was made, and again the second blank showed this
strange jump. A series of four blanks (run 242) showed no jump
but four consistently high values. The gas chromatograms (Fig-
ure 39 and 40) show the strange peak, S, present in blank B and
not in the original sample. It is quite probable that this peak

material is responsible for the variations. The phenomena of
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‘this material showing up after numerous and copious rinses in a
small 10-ml rinse is not consistent with known material transfer
processes. It was demonstrated that the antifoam agent, DC 200,
did not interfere with either the ultraviolet or gas-chromato-
graphic technique.

It is probable that the cracked hydrocarbons from the lub-
rication process are responsible for the anomalous results. 1In
small quantities these unsaturates have large ultraviolet absor-
bance characteristics. Furthermore, the mass-spectrometric re-
sults indicated the presence of numerous mass peaks from 45 to
100. These follow logically from the same source.

The gas-chromatographic analyses (Table 63) were consistent
in all but run 214. However, the ratio of C16 and C17 for only
this run (Figure 39) was 0.38, compared with the standard value
of ,Al. This result indicates that the gas chromatogram is in
error.

The low recoveries, 2 to 14% relative to the ultraviolet
values, are to be expected if the deposits contain unsaturates.
The unsaturates can also affect the gas-chromatographic results
but the constant C16/Cl7 ratio shows that these components are
present in the normal ratio. The 7.6% recovery based on Ci67
C18 and C21 (Table 60) is not particularly abnormal in view of
the nature of turbomolecular oil. (It should be noted that the
recoveries of 2 to 14% in Table 63 for gas chromatography/ultra-
violet are corrected to 100% by weight of turbomolecular pump
oil; that is, 7.6% recovery by C16 is 100% by weight. Based on
calibration and the many anomalies of ultraviolet data, gas
chromatography is more reliable. Obviously, better correlation
can be obtained with additional time.

C. Mass Spectrometer Studies

Station 8 was surveyed by the General Electric partial pres-
sure analyzer (Figure 41)*. 1In every case, the test head was

*
Peaks were surveyed individually and the absence of a given peak
does not necessarily indicate the peak was not present.
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baked out for 18 hr at 212°F. The fore-pressure leak was used
on startup. The first survey was made with the small magnet on
9

torr (PRT)
torr (PLNZ) with a cold collection plate. The P

run 209 at 760 hr. The system pressure was 3 x 10~
-10

and 4 x 10 RT

increased to 4 x 10-8 torr when the collection plate was warmed

to room temperature. The major component at the water peak,

% to 3 x lo_gamp,

m/e = 18, shows considerably less change, 2 x 10~
than the increase in total pressure. The warm plate does show
several new peaks around m/e = 30 that could be responsible for
this difference. More complete surveys made with the large mag-
net are also shown in Figure 41 (C and D).

The most interesting feature is the comparison of this sur-
vey with that from an oil-diffusion-pump system. The latter
shows peaks that are 10 to 100 times smaller. Comparisons of
backstreaming values are not definitive in either case. The back-
streaming values for the turbomolecular oil by ultraviolet tech-
niques are 10 x 1074 mg/cm2, and by analogy with gas chromato-
graphy results, are probably 1 x lO'4 mg/cm2. The backstreaming
values for the diffusion pump were very high,>60 x 10_4 mg/cmz,
during the mass spectrometric tests, presumably due to blow-back
upsets during the leak tests.

In order to evaluate heavy-end backstreaming from the turbo-
molecular pump, a BC-61 baffle was added. Experiments with room-
temperature and liquid nitrogen baffles are also shown in Fig-
ure 41 (F and G). The decrease in peaks due to cooling wés uni-
form over the entire mass spectrum and thus indicative of a con-
taminated test head and baffle. The baffle did not have cooled
sides and had been subjected to a thorough solvent cleaning and
baking procedure. If these heavy ends were coming from the pump,
all heavy ends above 45 would have been cut off abruptly or at
least to a great extent. Another complication is that the DC 200
antifoam agent could have contaminated the test head or mass
spectrometer tube and be responsible for the heavy peaks.

The residual gas was analyzed again (Figure 41, H) with a
room-temperature baffle, after the entire head, baffle, and pump

center had been baked at 212°F for 5 days. The entire spectrum
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as well as the system pressure decreased quite uniformly, in-
dicating again that residual contamination was responsible and
that the extensive baking period merely made a fractional im-
provement. Upon dissembly and inspection of the pump, the rotor
and sections of the stator were wet with oil. It is obvious that
the bakeout procedure for the inlet and central rotor section was
inadequate.

D. Operating Procedures

The results of all the ultraviolet analyses of backstreaming
contamination (Tables 61 and 62) were inconsistent and are pro-
bably high by manyfold. Only the results on baked systems (Table
64, runs 201, 214, and 215) by gas-chromatographic techniques,
which give backstreaming values under 1 x 10_4 mg/cm2, are believed
valid. As a result of the analytical ambiguities, which were only
resolved at the end of the program, different operating procedures
were not evaluated experimentally.

The experimental procedure shown in Table 55 will minimize
backstreaming of lubricating oil on startup. The lubricating oil
can backstream due to both its highly volatile nature and more
probably due to frothing caused by dissolved gases. Our tests
show that with 212°F backout, the oil deposit on the collection
plate was minimal. The considerable gaseous contamination was
probably due to cracked hydrocarbons in the test head. These were
not removed by 212°F bakeout for 1 week. Moreover, oil deposits
on the central rotor and parts of the stator were not removed by
a 212°F bakeout at the pump inlet and center.

Shut-down procedures involving bleeding of inert gas to the
fine vacuum and bringing the system pressure above 5 torr before
turning off the rotor should be a routine procedure and should
eliminate backstreaming contamination during this operation.

There is considerable doubt that a bakeout at 212°F removes
adsorbed unsaturated hydrocarbons, and this should be tested.
These components can be very low-molecular-weight materials and

can breath out of the oil at relatively high pressure.
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RESULTS

The backstreaming values determined by gas-chromatographic
analyses were less than 1 x 10_4 mg/cmz. The mass spectro-
metric curves indicated the presence of heavy mass peaks that
are probably unsaturated hydrocarbons resulting from the 1lub-
rication process.

The gas-chromatographic analyses are believed accurate to
1x 10_4 mg/cm2 but have not been verified by seeding exper-
iments. The ultraviolet technique, while demonstrated to be
accurate by seeding experiments with unused oil, gave large
positive and negative values that were obviously in error.
This type of discrepancy can be caused by the presence of
unsaturated hydrocarbons. However, the variations in the
analytical blanks are not consistent with known material
transfer processes.

Mass spectrometric studies showed the presence of mass peaks
over 60. These peaks, which persist with a liquid nitrogen

baffle, are probably due to contaminated surfaces in the test
head and not backstreaming from the pump.

A prolonged bakeout at 212°F was not sufficient to remove
contaminants in the test head. They are probably unsaturated
hydrocarbons and strongly adsorbed on the surfaces.

A prolonged bakeout at 212°F of the inlet and central rotor
section was inadequate to remove residual lubricating oil
films.

The influence of startup and shutdown procedures on mini-
mizing coﬁtamination was overshadowed by surface effects. The
use of high fore pressures on startup and an inert gas bleed
in the fine side on shutdown should prevent backstreaming of
the lubricating oil while the rotor is not up to pumping
sSpeed.
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APPENDIX

TABLES AND FIGURES
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Table 1

CONTAMINATION LEVELS IN MONOLAYER EQUIVALENTS

1. Molecular diameter calculated on basis of face-centered
cubic packing (ref. 13):

8 1/3

d = 1.329 x 10~ (M%o) cm

where M = molecular weight

2 = density of condensed phase, g/ml.
a. Polyphenyl ether d = 0.99 x 10~/ cm
b. DC 705 d=1.09 x 10”7 cm

2. Weight equivalent for a monolayer:

a. Polyphenyl ether 0.82 x 10~%3 mg/cm2
b. DC 705 1.00 x 10~% mg/cm?

3. Deposition rate equivalent for a monolayer:

1 x 107° mg/cmz—min = 1 monolayer/100 min
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Table 3

ANALYTICAL TECHNIQUES AVAIIABLE
FOR MEASURING TRACE CONTAMINATION

10.

11.

12.

Quartz crystal controlled oscillator (ref. 40):

weight to less than 10~12 g/9q.

Field emission microscope pattern (ref. 33):

change with adsorption of a monolayer on a clean surface.
Field emission ultramicrometer (ref. 43):

measures 10~° cm, accuracy 1/105 parts.

Magnetic flux ultramicrometer (ref. 44):

measures: actual, 2 x 1077 cm; theoretical, 2.6 x 1072 cm.
Multiple-beam interferometry (ref. 39):

measures 10 to 10,000 A, 1 mm2 surface.

a. actual measurement on DC 705 (ref. 24):

masked section, polymerized deposit by electron beam,
50 A, 0.5 A/hr.

b. commercial instrument (ref. 14):
measures 10 A to 15,000 A, 4% reproducibility at 120 a.
Gas chromatography (ref. 16):

7

actual: 107/ g C,y full scale;

theoretical: 2.5 x 102 g C21 full scale.

Optical level (ref. 26):

measures 10”10 cm.

Radioactive tracers (ref. 5):

actual measurements on DC 704, 0.01 x 107> mg/cm2= 0.1 A.
Trace analysis by various methods (ref. 1):

measures 0.1 ppb.

Wettability (ref., 15):

measured: 30 A mineral oil, 5 A lard oil, 1 A stearic acid.

Impurity detection (ref. 42):

measures ppb in high-purity materials, thermally stimulated
currents for insulators.

Ellipsometry (ref. 34):

measures 70 A.
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Table 4

SPECIFICATIONS OF MECHANICAL PUMPS

Manufacturer: The Welch Scientific Company, Skokie, Ill.

Model Duo-Seal vacuum pump No. 1397B

Speed 13 cfm, free air

Ultimate pressure 1074 torr, with ballast closed (always
operate with ballast 3/4 turn open)

Type two stage

Date Purchased August 1962
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Table 5

SPECIFICATIONS OF DIFFUSION PUMPS

Manufacturer

Model

Date purchased
Oil charge

Heater

Material

Nominal speed

Forepump tolerance

Fractionatinga

Nonfractiongtingg

NRC Equipment Corp.
Newton, Mass.

HS6-1500 type 162
water-cooled cap
over top jet; 3
diffusion jets; 1
ejector jet: vapor
separator to bottom
diffusion jet; all
aluminum jets

August 1962
400 cc

1500 watts, flat
plate

Stainless steel
shell; aluminum
jet stacks

1500 liters/sec,
air

0.75 torr

Consolidated Vacuum
Corp, Rochester, N.Y.

PMC-1440A: conduction
and radiantly cooled:

cap over top jet; 4
aluminum diffusion jets

April 1964
800 cc

1800 watts, 6 cart-
ridges, thermal siphon type

Mild steel shell;
aluminum jet stacks

1520 liters/sec, air

0.6 torr, no leak
0.35 torr, full load

aReference 37.
bReference 6.
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Table 8

SPECIFICATIONS OF COLLECTION PLATES

II.

ITT.

iv.

VI.

Stainless steel plate: 13-1/2 x 1/16.

Mounted to flange by machine screw. Cooling is by
conduction through the steel flange plate with external
water—coo%ed coils where noted. Area of wetted portion
is 248 cm”.

Glass plate: 17 x 1 in. 5
Area of wetted portion is 248 cm“. Used for visual
identification.

Zinc plate: oval configuration.
Area is 150 cm2. 1/4-in. copper coil soft-soldered to
back of first internally cooled plate.

Copper plate: 3—3/4 to 6 in. circle, 1/8 in. thick.
Area is 180 cm“. 1/4 in. copper coil soft-soldered
to back.

Stainless steel: 7 x 1/4 in.
Area is 248 cm2. 1/4 in. stainless steel tubing welded
to back of plate.

Stainless steel: 6 x 3/8 in.

Area is 147 cm2. 1/2 in. stainless steel tubing welded
to back of plate. Plate has l-in. opening in center for
gas analysis probe.

11T RESEARCH INSTITUTE

73
IITRI-C6030-10



Table 9

SPECIFICATIONS OF REFRIGERATOR

Manufacturer: Webber Manufacturing Company, Inc.
Indianapolis, Indiana.

Type: Model WP-1500-125 convection fluig,
portable power pack system.

Specification: 208 volt system 3 phase, 60 cycle
1500 BTU per hour capacity at -125°F.

Temperature Range: Ambient to -125°F.

Convection Fluid: Methyl alcohol

temperature: -25 to -100°F.

Purchased: March 1963
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Table 10

SPECIFICATIONS OF GAUGE TUBES

Thermocouple gauge:

Consolidated Vacuum Corp., Rochester, New York
Type: GTC 105 thermocouple gauge

Range: 1 to 1000 Hg

Sensing tube: GTC-004

Power: 15 watts

Ionization gauges:
Consolidated Vacuum Corp., Rochester, New York

. GIC-0l1ll tube: Bayard-Alpert type
dual filament; sensitivity lOO/aamp pe§/¢<
at an emission current of 10 mamp;
X-ray limit 9 x 10-12 mm Hg.

GIC-017 tube: Bayard-Alpert type:;
dual filament; emission current 6 to
8 mamp; X-ray limit 1 x 10-10 pp Hg.

Vacuum Products Division, Varian Associates, Palo Alto,
California

UHV-12P tube: Bayard-Alpert type
dual filament; emission current 4 mamp:
closed grid cage degases by ion bombardment
only; X-ray limit 2 x 10-11 mm Hg.
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Table 11

SPECIFICATIONS OF IONIZATION GAUGE CONTROL UNIT

Manufacturer: Vacuum Products Division,
Varian Associates,
Palo Alto, California

Type: Model No. 971-0003
Specification: Input Power 60 cycle AC, 115 volts,
250 watts
Grid Voltage: 130 volts
Collector Voltage: ~45 volts
Filament Current: 0 to 10 amp
Voltage: 0 to 12 volts
Pressure Range: 1 x10°2 to 2 x 10713 mm Hg;

corresponds to a current
sensitivity of 2 x 10-13 amp

Degas: Ion bombardment 100 /mamp at 350 volts

Electrometer: 10_1l amp fs
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Table 12

SPECIFICATIONS OF MASS SPECTROMETER

General Electric Partial Pressure Analyzer
a. Electronic control, fast and slow scan with
cable and recorder mounted cabinet;
Model 22PC110- P&L-71 Serial No. 30055
b. Metal analyzer tube, straight tubulation
1 in. diameter, 305 L, stainless steel
Model 22PT110-P&L-71 Serial No. -62
Electron multiplier numbers: 26-8007, 6413, 183-6

Cc. 3KG magnet (2.85 KG)
Model 22PM103- P&L-71 Serial No. 4016

d. 5KG magnet (4.8 KG)
Model 22PM105- P&L-71 Serial No. 5056

€. Acceleration voltmeter after 11/20/64
Assemply Product Instrument, super
calibrated Taut Band, 50 <camp
catalog No. 65F302 (Alliéd Radio Corporation)
Hewlett Packard Oscilloscope
@. Model 130C, Serial No. 425-02474
b. Input impedance, 1 megohm shunted by 45 pf
C. Maximum sensitivity, 0.2 mv/cm
Standard operating conditions (set for maximum N2 sensitivity)
a. Emission current, 1 mamp (tungsten, pins 1 and 2)
b. Electron voltage, 70 volts
C. Drawout, 4.6 units
d. Deflection 1, 4.7 units
€. Deflection 2, 5.0 units

f. Electron multiplier, 2000 volts (setting No. 4)

g. Scan rate: ammeter -~ 10 min: oscilloscope - 0.1 sec
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Table 13

OPERATING SCHEDULE FOR TEST STATION NO. 1

Run
ITtem Dates No.
Pumps
HS6-1500 (wcc)2 62-63
PMC-1440A (rcc)b 64-66
Oils
DC 704 11/62-3/63
Convalex 10 7/64-1-66 R-26
Baffles
BC-61 62-63
7/64-1/66 R-26
Elbow 7/64-8/64 R-35
BC-61 8/64-3/65 R-51
BC-61, cold sides 3/65-1/66 R-114
Test Head
AEDC (ref. 28) 62-63
Adapter flange 63
Adapter flange 64-65
Adapter flange 65
Spool and adapter flange 65-66
Collection Plate 5
Stainless steel AEDC (ref. 28) 62-63 area 248 cm
Glass AEDC (ref. 28) 63 area 248 cm?
Internally cooled zinc 63 area 150 cm2
Internally cooled copper 64-65 area 180 cmg
Internally cooled stainless steel 65-66 area 248 cmZ

a
wWcc = water-cooled cap.

b
rcc

radiant-cooled cap.
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Table 14

OPERATING SCHEDULE FOR TEST STATION 2

Item Dates
Pumps a
HS6-1500 (wcc) 62-66
Oils
DC 705
Original 0il 11/62-2/65
Fresh Charge 2/65-1/66
DC 705 99%
DC 704 1% 2/66-3/66
Baffles
BC-61 11/62-2/65
BC-61 cold sides 2/65-3/66
Test Heads
AEDC (ref. 28) 62-63
Flanged plate 64
Spool and flanged plate 64-66

Collection Plate
Stainless Steel AEDC (ref. 28)
Internally cooled Stainless

62-63 area 248 cmg

Run
No.

R-14
R-104

R-232

R-14
R-104

64-66 area 248 cm

a
wce = water-cooled cap.
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Table 15

OPERATING SCHEDULE FOR TEST STATION 3

Run
Item Dates No.
Pumps a
HS6-1500 (wcc) 62-66
Oils
0S 124 62
Convalex 10 62-6/65 R-15
Fresh 0il 6/65-11/65 R-164
Additional Fresh 0il 11/65-3/66 R-205
Baffles
BC-61 62-7/64 R-15
HN-6D 7/64-11/64 R-37
New HN-6 11/64-3/65 R-85
HN-6 Cold sides 3/65-11/65 R-128
BC-61 11/65-11/65 R-205
BC-61 Cold sides 11/65-12/65 R-210
HN-6 12/65-3/66 R-216
Test Head
AEDC (ref. 28) 62-64
Spool and flanged plate 64-66
Collection Plate 2
Stainless Steel AEDC (ref. 28) 62-63 area 248 cm,
Glass AEDC (ref. 28) 63 area 248 cms,
Internally cooled copper 64 area 180 cm,
Internally cooled stainless 64-66 area 248 cm

a
wcc = water-cooled cap.

bside stream stripped added, total volume of o0il 650 cc.
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Table 16

OPERATING SCHEDULE FOR TEST STATION 4

Run
Item Dates No.
Pumps a .
HS6-1500 (wcc) 62-66
Oils
DC 705 62-5/65 R-16
Fresh charge DC 705 5/65-3/66 R-154
Baffles
Right Angle Elbow 62-5/65 R-16
G/P trap 5/65-9/65 R-154
New G/P trap 2/66-2/66 R-230
BC-61 2/66-3/66 R-237
Test Head

AEDC (ref. 28)
Spool and flanged plate

Collection Plate
Stainless Steel plate AEDC (ref. 28)
Internally cooled copper
Internally cooled stainless

62-65
65-66

62-64 area 248 cmg
64-65 area 180 cm
65-66 area 248 cm

a
wce = water-cooled cap.
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Table 17

OPERATING SCHEDULE FOR TEST STATION 5

Run
Item Dates No.
Pumps a
HS6-1500 (wcc) 62-66
Oils
0s 124 62-63
Convalex 10 63-6/64
Fresh charge Convalex 10 6/64-2/65 R-20
0s 124 2/65-1/66 R-138
Baffles
Right Angle Elbow 62-1/66 R-20
Test Head
AEDC (ref. 28) 62-64
Spool 64-66
Collection Plate 2
Stainless Steel plate AEDC (ref. 28) 62-64 area 248 cm,,
Internally cooled copper 64-65 area 180 cm,
Internally cooled stainless 65-66 area 248 cm

a
wCcCc = water-cooled cap.
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Table 18

STANDARD OPERATING PROCEDURE

9.

10.

11.

12.

Reduce system pressure to below .05 torr with forepump.

Cool baffle.

Heat collection plate to 212°F.

Start diffusion pump with 50% rated heat input for 1-1/2 hr.
Increase diffusion pump to 100% rated heat input.

Cool collection plate after 18 hr of heafing.

Run time (after item 6) should be at least 70 hr.

Turn off heat to diffusion pump.

After diffusion pump has cooled turn off cooling to baffle

and collection plate.

After baffle and collection plate have warmed to room temper-
ature bleed nitrogen into fore line to re-pressure the system.
Remove collection plate and wash off oil with solvent. Collect
one sample of backstreamed oil and two samples of analytical
blanks.

Close system as soon as possible to prevent moisture adsorption

on walls of system.
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Table 22

RECOVERY OF STANDARDS USED FOR GAS CHROMATOGRAPHY CALIBRATION

% DC 704 gc 704 Dg 705
in DC 705 Area, cm % Recovered Area, cm % Recovered
50 9.75 avg 100 9.42 avg 100
3.27 33.6 3.30 35.0
3.42 35.1 3.27 34.7
4.10 42.1 4.20 44.6
4.35 44.6 4.45 47.2
avg 38.9 avg 40.4
20 2.40 avg 100 10.02 avg 100
2.1 88.5 8.6 85.8
2.72 113.8 10.9 108.5
2.30 96.9 9.2 91.8
avg 99.7 avg 95.4
9.1 0.81 avg 100 8.08 avg 100
0.58 69.7 5.70 70.6
0.55 66.7 5.85 72.8
0.60 72.7 6.18 76.5
avg 69.7 avg 73.3
2.4 0.92 avg 100 8.68 avg 100
1.06 114.3 7.05 83.2
1.01 109.2 7.40 87.2
0.90 97.7 7.02 82.7
avg 107.1 avg B4.6

Overall average of recovery was 76%.
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Table 31

RELIATIVE DISTRIBUTION OF MAJOR ISOMERIC COMPONENTS
IN UNUSED POLYPHENYL ETHER FLUIDS

Area, %b
A D E

Sample mmm B C pmp mmp
0S 124-1 57.1 37.1 5.8
0Ss 124-2 61.0 35.0 4.0
0S 124-3 66.5 29.2 4.3
0S 124-4 65.2 31.1 3.4
0OS 124-5 62.2 33.7 4.9

Convalex 10—1c 87.3 5.5 7.2

Convalex 10-2 77.5 6.9 15.4

%Both 0S-124 and Convalex-10 fluids contained a light compo-
nent equivalent to approximately 0.2% of the total area.

bThe distribution of components is based on the area of

each peak as measured by a compensating polar planimeter.

“Fresh sample used in backstreaming studies.
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Table 32

ISOMER DISTRIBUTION FOR CONVALEX 10°
FROM STATION NO. 3 AFTER RUN 133 IN USE FOR

2 YEARS .
Isomer Monsanto (ref. 35? 11TR1 (ref. 38)
4-ring PPE (mm) 0.3
4-ring PPE (mg) 0.1
5-ring PPE (mmm) 57.3 77-87
5-ring PPE (mmp) 30.3 2033
5-ring PPE (pmp) 4.7
5-ring PPE (misc) 0.5
6-ring PPE 0.3
Residue 6.6

aAnalyzed sample contained 0.015 mole percent phenols,
which is quite acceptable for a used polyphenyl ether.
Normal production of OS 124 was somewhat lower.
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Table 36

EFFECT OF SIDE-STREAM STRIPPER

Ratio of
Sample Area, cm DC 704
No. Historya DC 704 DC 705 Total to Total % DC 704
SSS~1 Top plate 0.36 17.94 18.30 0.0197 1.95
SS8-2 First alembic 0.32 16.29 16.61 0.0193 1.90
SSS-3 Second alembic 0.32 17.94 18.26 0.0175 1.73
SSS-4 Third alembic 0.25 14.24 14.49 0.0169 1.67
SSS-5 Return 0.35 22.24 22.59 0.0154 1.52
SSS-6 Bottom 0.24 18.52 18.76 0.0128 1.26
qsee Figure below:
) [N
O
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Table 50 !

! EFFECT OF TRAP CONDITIONS ON MASS
| SPECTROMETER READINGS AT m/e = 78

Trap amp/torr
? Room-temperature zeolite® 1 x10-12
Liquid nitrogena None

| 250¢2 5.3 x 10719
- ~780¢2 6.3 x 10-10
: ~196°C2 6.4 x 10713
25°C  Zeolite® 1.1 x 10710
~78°C  Zeolited 1.8 x 10712
~196°C  Zeolite? 8.4 x 10714

~75°F, Chevron® 1 x 10712

70°F, Chevron® 5 x 10712

®Bryant and Gosselin, DC 705, Ref. 4.

bThis program, Convalex 10.
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Table 53

BENZENE MASS FREQUENCY PATTERN

Relative Frequency?d

Mass API 11TR1
2 64§
12 9 4
13 3.4
15 57b
25 0.5 2
26 3.4 14
27 3.0 11,
29 106,
30 75
31 78
37 4.1 7
37.5 1.3 -
38 5.8 11
39 14.2 36
49 2.5 5
50 15.7 32
51 18.6 36
52 19.4 36
53 8.4 -
63 2.8 5
73 1.5 -
74 4.6 8
75 1.6 -
76 6.0 -
77 14.0 -
78 100.0 100
79 6.0 -

3A11 determined with large magnet except
mass 2.

bValues are not associated with benzene
spectrum as such.
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Table 54

SPECIFICATIONS OF TURBOMOLECULAR PUMP

Supplier: The Welch Scientific Company
Skokie, Illinois

Type: model 3102A, a skid-mounted self-contained
; unit consisting of:

Turbomolecular pump with transmission
assembly
’ Self-contained refrigerator for bearing
cooling
Forepump is Duo-Seal vacuum pump No. 1397B
electrical control panel.

Power: 220 volt, 3-phase, 60 cycle using a maximum
starting current of 0.9 amp.

Capacity Forepump is 15 cfm free air
(pumping speed) 425 liters/min
Turbomolecular pump 260 liters/min
140 liters/min (with
inlet protector screen)
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Table 55

STANDARD OPERATING CONDITIONS

9.
10.

Nitrogen is bled into the fore line sufficient to
maintain ~ 2 torr while forepump is started.
The turbomolecular pump is started with leak at
2 torr. After full turbine speed is reached, leak lowered
to 1.1 torr.
When fine pressure is 10~% torr range, turn off leak.
Fore pressure goes to <:lO-3 torr.
Bakeout locations:

a. Collection plate

b. BC-61 baffle on Station 8

c. Center of turbomolecular pump and throat.
Run time is 74 hr.
To terminate run, allow baffle and plate to warm
up for 18 hr.
Helium is bled into fine side until pressure is 1 torr.
The turbomolecular pump is shut off; when pump stops, it is
valved off from the mechanical pump. The fine side is let
up to atmospheric pressure.
It is optional whether or not the forepump is turned off.
Sample as per IIIB 3, Part A.
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Table 56

FINE PRESSURE VERSUS FORE PRESSURE

Fore-line Pressure Fine Pressure
(Mc Cloud gauge), torr (Varian gauge), torr
1.103 2 x 1o‘§
1.012 4 x 10‘5
1.00 2 x 10:6
0.097 8 x 10__6
- 0.085 4 x 10_6
0.060 3 x lO_6
No leak 2 x 10
aRepeated 3 times.
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Table 59

GAS CHROMATOGRAPHIC DATA ON COMPARISON
OF UNUSED TURBOMOLECULAR PUMP OILa
VERSUS STRAIGHT-CHAIN HYDROCARBONS

Retention Time

Hydrocarbon Unused Used
Standard Standard 0il 0il
C 10.5 10.5
15 13.4  13.2
C16 15.5 15.6 15.7
l19.8 19.8
C17 24.0 24.5
30.2 30.4
C18 36.0 37.4 37.6
46.7 47.7
C 56.9 58.0
19 72.6 72.3
C20 86.9 88.9
104.6 108.2

C21 132.0 133.8

aOperating conditions: Loenco dual-
flame model 70; 6 ft x 3/16 in SE 30
3% columns; column temp., 165°C;
injection temp., 250°C; detector temp.,
260°C; helium pressure, 26 psi; and
sensitivity, 1l6X.
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Table 60

GAS CHROMATOGRAPHIC DATA ON COMPARISON

OF USED TURBOMOLECULAR PUMP OIL
VERSUS STRAIGHT-CHAIN HYDROCARBONS@

Hydrocarbon

C16

Cis

Ca1

Retention
Time

15.5

36.0
132.0

Ma jor Peak Recovery Based on 0.5 «liter Sample

Retention

Hydrocarbon Time
C 15.6
16 (19.8)
C 24.0
17 (30.2)
C 37.4
18 (46.7)
C 56.9
19 (72.6)
(86.9)

Relative
Sample Areg, Response
V7Xe| cm Factor
4.92 12.45 2.53
6.96 15.60 2.25
11.58 20.65 1.78
Are Relative
g’ Response Sample,
cm Factor /«g/O.S liter
2.57 2.53 1.02
2.30 2.53 0.91
15.40 2.25 6.84
5.82 2.25 2.59
17.92 2.25 7.96
6.40 2.25 2.84
16.87 2.25 7.50
6.88 1.78 3.87
8.10 1.78 4.55
38.08

38.1 «g recovered

500/4 g sample

aOperating conditions were the same as given in Table 59.

x 100 =

7.6% recovered.
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Ballast

L

O 00 O O OH

1 Hold -up alembic

2 Dotted section Station 3 only

3 Exit temperature control on Station 1 only
4 Air leak, guard vacuum, quench coils

See Table 13 for schedule of pump, baffle and oil

Figure 1

SCHEMATIC OF ARRANGEMENT OF TEST STATIONS
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Figure 2

PHOTOGRAPH OF TEST FACILITY

Figure 3

PHOTOGRAPH OF A RIGHT-ANGLE ELBOW
(Station 5)

JIT RESEARCH INSTITUTE
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| e

Figure 4
SCHEMATIC OF RIGHT-ANGLE ELBOW BAFFLE

| |
e Y
< (\( M_

Figure 5
CVC- BC-61 CHEVRON BAFFLE
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Figure 6

MRC-EXN-5 CIRCULAR CLEVROY BAFFLE

X
Figure 7
GRANVIIIE PLIILIPS SERIES 251 CRY(CSOrR.3 BAFFLE
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1/4 ss
Tubing
3/4 in.OD
11/16 ID
1/4 OD 2 in. Long
5/32 1D
2 in.Long
» . _ 4
T - il =
1 ] : J : —
Specifications 1":1 T
11 in. OD

Holes

8.500 OD O-Ring Groove _/TPolish this side *
0.137 Wide, 166 Deep

7.500 ID O-Ring Groove

0.270 wide, 0.232 Deep

45° Bevel 1/16 in. Drill 1/32 in.

Figure 8
COLLECTION PLATE DETAILS

Figure ¢
PHOTOGRAPH OF A COLLECTION PIATE

IiIT RESEARCH INSTITUTE
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< 9.500" BC (DR-8-13/16)
fe— 8.500 D
"__’L_/Lmsoo D
3 .' -166 dp' t .232 ap
===l ! l v

9/16" e~

A —. : l'
Nanny Y,

Z 45° Bevel
{ 1
1/8 NPT DR 1/16 DR 1/32

Details of O-ring Grove Suction Safequard

S
—3 W f—
d” - nominal diameter of O~ring
da - actual diameter of O-ring

S = an - (0.009) [d= /(1/8)]
W= /4 (d8a)2/0.97 s °

Figure 10

SPECIFICATIONS OF O-RING GROOVE
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Absorbance

.50

.40

.30

.20

.10

Weight of 0il _
Mg/cm2 x 104

23.8
7.60
4.75 '
3.48 =T =
0.79 —T
I R [ I B
240 260 : 280 20
Wavelength,exz,
Figure 11

ULTRAVIOLET ABSORBANCE CURVES FOR SMALL

AMOUNTS OF DC 705
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| Weight of 0il
A'.
Mg/cm2 x 10°

«50 f—
040__ +

8 13.5

(e}

'8 .30_

o

0

)]

2 —  9.92 /

. « 200 7.50,

.10

260 280 300
Wavelength, Mt
Figure 12

ULTRAVIOLET ABSORBANCE CURVES FOR
SMALL AMOUNTS CF PENTAPHENYL ATHERS

139
IITRI-C6030-10




b

7o) LT T

4

(4

w 0°gm0 =

X1°N
0T19°*
uo 0T19°

1l

ey

SOL D0 ¥OJd FAYND NOILVYHITYO

€T sanbta

bl %0°T _
g s LO'T = == = §
v LU0 ZT°T =¥
D000 = L

btsd 0T @2ansseaad untToH
Bbri/zudo $e°T = A3TAT3ITSUSS

o 6°G = S0L OQ e uoTjusl=Qg

X8 = uUoT3RNUS313Y
uuntTop Q0 HS %E

Ur91/¢ X 33 € ydeabojzewoayy sen

sweTJ-Ten oOouUsoT

<—— wo grg=e —>

140

IITRI-C6030-10



¥0L Od ¥Yod HA¥ND NOIILVHLITYO

71 sanbr1g
ke wo g-z=04) kewo L z=0 ke wo ;7o
b7 805°0 br 10°T b yg°C
¥0L O yoL O 0L oa
bri . _ 80S° _ 6r (.. _ TI0°T _ Brl ... _ ¥S°C
MICM.m N.O .H - ﬁ - .:Na mm .—.. - ﬁ - m lINEU om ._” I..Il.vmom.
wo ZHsgc = wo GE*T =V wo $6°€
4 4 4
D000E = I

Ut 9T/€ ¥ 37 9 uunlod 0f FS %E

wo L*Z = $0L Od e uoT3uslLaQ

btsd o1 sansssaid untTeH
Bri/zud g€°T = L3TAT3TSUSG

X8 = UOT3enually

ydeabojewoaysy sen
swe T -TeNJ O0DU307T

0

141

IITRI-C6030-10



0L 00 7 GOZ 30 40 SIHUNLXIW Y04 SIAYND NOILVHEITVD
34NOId

210°0 *V3¥Y Ivi0L / P0L 20
40 92°8svV3YVY WVIOL

‘HY0D ,4211°0 sy ;4 G2°6a¥

wo 0°97 = S0L Od

Gl

L

0L 00
%b'C

D000t = &
btsd oy sanssaaq umytey

wd 8°9 = $OL oA O uoTIuULIaQ

ZE ‘8 ‘v = uorIeNULlIY

"UT 9T/€ ¥ 33 9 WUMTOD Of IS %S
ydeaboyeworyy sen

awelg~TRENg Odu80]

§20°0=v3Y¥VY TVLOLl /0L 2Q

"4Y0I,WO 212°08V

2 426¥°6 « VIV TVLOL
"H¥OJ ,uD G2°6sV

X8

XZe

HT RESEARCH INSTITUTE

142

IITRI-C6030-10



L ¥»0L 20
% €'eC

P04 20 7 GOZ 0@ 40 SIYNLXIN HO4 SIAHND NOILVYHEINVD
('LNOJ) SI 3¥N9I4

PHL£°0 = V3YV IVIOL 7 $OL OQ 0§'0=V3YY IVLOL/ HOL DA
2%O0!1'PIsY3¥Y TVIOL %0 GQ-Blsv3¥Y VLOL

YHOJ MOG8' Y Y ‘HY09,w > GZT 6oV L ¥oLaa "YYOD wOEGeY "YYOD WIS 2 6 «Y

g g

J000¢ = L

bysd op @anssaxd umyiay
wo T°LT SOL Oa

wo T°L ¥0L OQ & uor3uslaqg

XZg = uopINNUSIIY

Ut 9T/€ X 33 9 0€ S %S

ydeaboizwuwoayn seo

SWeTJ-Teng oouao]

T RESEARCH INSTITUTE

143

IITRI-C6030-10



I, 0L 00

POL 00 » S0L 00 40 SIYNLXIN HO4 SIAYND NOILVYENVD

( LNOD)

601°0 = Y3¥V TVLOL / $0OL 20

.zxocs!.u el’'lay

2% LC'0l s VIHY T1VLOL
.xxoou.ku g2°6sY LP0L 20

%1'8

%02

2000t = L
b1sd op sanssaad umiieH
wd> §°91 = S0L Oa
wo g9 = oL oa ~OFIUPIS
XZE = UoIIWNUIIIY
ut 91/¢ X 33 9 WuMTOD 0f IS %G
yderbojeworyy sen
JWeTI~Teng 02Ul

Gl

3dNoid

»61°'0=v3Y¥VY IVLiOLl/ $0OL 20

‘HYOD,m2122 2V

22 Lb1ls vIYHY VLIOL
.zxouuFunN.a Y

)

1IT RESEARCH INSTITUTE

144

I1TRI-C6030-10



25 p=—

| Loenco Dual-Flame
! Gas Chromatograph
: 3% SE 30 Column 6 £t x 3/16 in.
20 L. | Attenuation = 8X ,
Helium pressure 10 psig
§ T - 300°C
E
0
i; 15 |
o
ol
)
b
~
9
5 pr—
0 | | I ] | |
0 1.0 2.0 3.0 4.0 5.0 6.0
Weight, ug
Figure 16

SENSITIVITY IN PEAK HEIGHT VERSUS WEIGHT FOR DC 705 AND DC 704
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% DC 704

50

40

30

20

10

lor

Scale

0O 0 - 10%
O 0 - 50%
0. | | | j51 |
0 .02 .04 .06 .08 L10
.10 .20 .30 .40 .50

Ratio of DC 704/Total Area

Figure 17

PERCENT OF DC 704 IN DC 705
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Figure 18

EXTERNAL JET SURFACES

AFTER 1 YEAR OF EXPOSURE
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OF STATION 5

TO CONVALEX 10
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|
M Run 55

Run 57

i

| 4X
()
0
o
0
& Run 58
(¥
)
B
0 4X
3]
old
o

1

Original
Convalex 10
0il
" 2 m'
4X
5 10 15 20 25 30

Time, min
Figure 23

ISOMER DISTRIBUTION IN CONVALEX 10 OIL
USED FOR THREE MONTHS
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Loenco Dual- Flame
Gas Chromatograph
5% SE 30 Column 6 £t x» 3/16 in.
Attenuation = 8X
Detention 6 DC 704 5.6 cm
©® DC 705 13.6 cm
Helium pressure 10 psig
T = 300°C

DC 705

DC 704

Figure 24 (Cont.)

| ‘

Sample 239
Conc.

GAS CHROMATOGRAPHS FOR MIXED DC 704/DC 705

SAMPLES
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Compressibility Factors

10 r-
107
~
lOéL ~
Leak 2
105_ Leak 3
Leak 4
Leak 2
. Leak 3
104-
10
104__ | I [ i
60 65 70 Helium
60 65 70 75 Hydrogen

Leak Setting

Figure 20

COMPRESSIBILITY FACTORS VERSUS LEAK RATE AND LEAK LOCATION
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Mass Units

Log Amp (Linear Scale)

2_-ll__ -l -9 -8 -7 4
i

/30-

! {
/0 !
20 : i |
30 3
10 : 1
———— ?
50 =
] ! : : f E ;
60— ,f |
e
. ! ! ' ! i
04 | |
e | ;
. | . |
oo — @ o
I i ;
2 I
T 3
| ; | |
100+ , ! i |
b | | | !
e | 4 f |
1 |
1 ¢+ )
S |
\ . i i
+ . |
S |
P=/x10"¢ Frr

P=9.5x10-7 Pewp
Air leak over benzene
Benzene = 13 mole percent

Figure 27

MASS SPECTRUM OF BENZENE
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Figure 28

TURBOMOLECULAR PUMP STATION

Figure 29

TURBOMOLECULAR PUMP STATION 8

1T RESEARCH INSTITUTE
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A. Test head attached to
Station 8

B. Top view of test head.

C. View of head showing
the collection plate.

Figure 30

TURBOMOLECULAR PUMP TEST HEAD
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